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iBbiBF2M
kh?2 >>A AM/2t Bb M BM/B+iQ` Q7 i?2 +QM+2Mi`iBQM BM  K`F2i-  };m`2 #Qp2 R-3yy Bb
+QMbB/2`2/ iQ #2  +QM+2Mi`i2/ K`F2i- b22 a2+iBQM kX9
R
*?Ti2` RX AMi`Q/m+iBQM
RXRXR S`2b2MiiBQM Q7  L2r aiQ+?biB+ SQr2` J`F2i JQ/2H
q2 T`2b2Mi  biQ+?biB+ 2[mBHB#`BmK 2H2+i`B+Biv K`F2i KQ/2HX b r2 rBHH b22- i?2
T`QTQb2/ KQ/2H Bb mMB[m2 BM Bib +QK#BMiBQMb Q7 KQ/2HBM; bT2+ibX h?2 KQ/2H
+QMbBbib Q7 QM2 Q` KQ`2 TQr2` T`Q/m+2`b M/  i`MbKBbbBQM bvbi2K QT2`iQ` i?i
HH KtBKBx2 i?2B` BM/BpB/mH T`Q}iX h?2 T`Q/m+2`b +M #2 +iBp2 BM QM2 Q` KQ`2
MQ/2bc i?2 MQ/2b `2 +QMM2+i2/ #v  i`MbKBbbBQM M2irQ`FX a2p2`H /Bz2`2Mi TQr2`
;2M2`iBQM i2+?MQHQ;B2b +M #2 BM+Hm/2/- M/ i?2 QmiTmi Kv #2 KQ/2H2/ b 2Bi?2`
/2i2`KBMBbiB+ Q` biQ+?biB+X Pi?2` BKTQ`iMi bT2+ib BM i?2 KQ/2H `2 `KTBM;
+Qbib M/ `2bi`B+iBQMb- b2bQMH TmKT biQ`;2- M/  K`F2i TQr2` `2T`2b2MiiBQM
i?i +M `2T`2b2Mi bBimiBQMb 7`QK T2`72+i +QKT2iBiBQM iQ *Qm`MQi +QKT2iBiBQMX
h?2 KQ/2H +M #2 7Q`KmHi2/ #Qi? b  JBt2/ *QKTH2K2Mi`Biv S`Q#H2K UJ*SV
M/  o`BiBQMH AM2[mHBiv UoAV T`Q#H2KX
RXRXk TTHB+iBQM Q7 i?2 JQ/2H QM i?2 LQ`i?2`M 1m`QT2M
1H2+i`B+Biv J`F2i
q2 TTHv i?2 KQ/2H QM i?2 LQ`i?2`M 1m`QT2M TQr2` K`F2i iQ/v M/ BM kykyX
h?2 kyky +b2 +Q``2bTQM/b iQ BM/mbi`v 2biBKi2b M/ i?2 LiBQMH _2M2r#H2 +@
iBQM SHMb i?i QmiHBM2 i?2 ky@ky@ky ;QHb 7Q` 2+? 1l +QmMi`vX h?2 KQ/2H Bb `mM
rBi? biQ+?biB+ rBM/- M/ r2 ;2M2`i2 rBM/ b+2M`BQb #b2/ QM ?BbiQ`B+H /i 7`QK
.2MK`FX h?2 KQ/2H Bb TTHB2/ QM p`BQmb +b2b iQ b?Qr i?2 2z2+i Q7 K`F2i TQr2`-
biQ+?biB+ rBM/- M/ i?2 `Q#mbiM2bb Q7 i?2 TQr2` bvbi2K iQ /Bz2`2Mi rBM/ 7Q`2+bibX
*?M;2b BM i?2 T`B+2b- /BbTi+?- +QMbmKTiBQM M/ i`MbKBbbBQM `2 ?B;?HB;?i2/X
RXRXj aQHmiBQM S`Q+2/m`2 rBi? .MixB;@qQH72 .2+QKTQbBiBQM
q2 /2+QKTQb2 i?2 T`Q#H2K iQ i`v iQ `2/m+2 i?2 bQHmiBQM iBK2- bBM+2 +QKTmiiBQM
iBK2b ;`Qr [mB+FHv r?2M i`vBM; iQ bQHp2 i?2 KQ/2H rBi?  H`;2 /i b2iX h?2 KQ/2H
Bb /2+QKTQb2/ rBi? .MixB;@qQH72 /2+QKTQbBiBQM #2+mb2 Q7 i?2 bi`m+im`2 Q7 i?2
T`Q#H2KX h?2 T`Q#H2K Bb /BpB/2/ BMiQ  Kbi2` T`Q#H2K M/ b2p2`H bm#T`Q#H2Kb
r?B+? `2 Bi2`iBp2Hv bQHp2/X h?2 /2+QKTQbBiBQM Bb /QM2 QM i?2 MQM@MiB+BTiBpBiv
+QMbi`BMib- i?i #BM/b i?2 b+2M`BQb BMiQ  b+2M`BQ i`22X h?mb 2+? bm#T`Q#H2K
bQHp2b QM2 b+2M`BQX q2 b?Qr i?2 BKTH2K2MiiBQM Q7 i?Bb K2i?Q/ M/ Bib TTHB+@
#BHBiv QM bKHH2` T`Q#H2KbX  ;`2i KQmMi Q7 2zQ`i ?b #22M bT2Mi iQ BM+`2b2 i?2
`i2 Q7 +QMp2`;2M+2 M/ bT22/ Q7 i?2 H;Q`Bi?KX
RXk h?2bBb Pp2`pB2r
h?2 Kbi2`Ƕb i?2bBb Bb  7m`i?2` /2p2HQTK2Mi Q7 i?2 rQ`F T`2b2Mi2/ BM Qm` T`QD2+i
`2TQ`i BM Qm` aT2+BHBxiBQM S`QD2+i UhAǟ98yy- 7HH kyRRVX h?2 `2TQ`i 7Q+mb2/
KBMHv QM /2p2HQTBM;  /2i2`KBMBbiB+ TQr2` K`F2i KQ/2H- #mi  biQ+?biB+ KQ/2H
rb HbQ T`2b2Mi2/ b  T`QQ7 Q7 +QM+2TiX h?2 biQ+?biB+ KQ/2H mb2/  b+2M`BQ
i`22 7Q`KmHiBQM- r?BH2 r2 BM i?Bb i?2bBb BKT`Qp2 i?2 7Q`KmHiBQM- T`2b2Mi  MQM@
MiB+BTiBpBiv 7Q`KmHiBQM M/  /2+QKTQbBiBQM TT`Q+?X AM //BiBQM r2 mb2 
k
*?Ti2` RX AMi`Q/m+iBQM
b+2M`BQ ;2M2`iBQM K2i?Q/ iQ ;2i  `2HBbiB+ rBM/ 7Q`2+bib- BMbi2/ Q7 2MiB`2Hv
}+iBQMH b+2M`BQb BM i?2 T`QD2+iX
h?2 `2KBM/2` Q7 i?2 Kbi2`Ƕb i?2bBb Bb Q`;MBx2/ b 7QHHQrbX *?Ti2` k +QMiBMb
i?2 M2+2bb`v #+F;`QmM/ BM7Q`KiBQM 7Q` i?Bb i?2bBbX i }`bi- BM a2+iBQM kXR i?2`2
Bb  b?Q`i HBi2`im`2 `2pB2r Q7 +m``2Mi KQ/2HBM; i`2M/b M/ ?Qr Qm` KQ/2H }ib BM
rBi? i?2 2tBbiBM; HBi2`im`2- #27Q`2 i?2 +?`+i2`BbiB+b Q7 i?2 2H2+i`B+Biv K`F2i Bb
2tTHBM2/ BM a2+iBQM kXkX a2+iBQM kXj T`2b2Mib `2H2pMi i?2Q`v Q7 2[mBHB#`BmK KQ/2H@
BM;X aBM+2 i?2b2 iQTB+b `2 i?2 bK2- bQK2 T`ib `2 `2mb2/ 7`QK i?2 T`QD2+i `2TQ`iX
a2+iBQM kX9 /Bb+mbb2b ?Qr K`F2i TQr2` +M #2 KQ/2H2/ M/ a2+iBQM kX8 biQ+?biB+
T`Q;`KKBM;X AM a2+iBQM kXe i?2`2 Bb  #`B27 Qp2`pB2r QM rBM/ 7Q`2+biBM;X i Hbi
BM i?2 #+F;`QmM/ +?Ti2`- BM a2+iBQM kXd- r2 T`2b2Mi i?2Q`v QM /2+QKTQbBiBQM M/
?Qr Bi Bb TTHB2/ QM 2[mBHB#`BmK T`Q#H2KbX
AM *?Ti2` j i?2 biQ+?biB+ KQ/2H Bb T`2b2Mi2/X h?2 7Q`KmHiBQM Bb #b2/ QM
i?2 /2i2`KBMBbiB+ KQ/2H 7`QK i?2 T`QD2+i- #mi Bb MQr biQ+?biB+ M/ mb2b MQM@
MiB+BTiBpBiv +QMbi`BMibX L2ti i?2 /2+QKTQb2/ KQ/2H Bb T`2b2Mi2/ BM *?Ti2`
9X *?Ti2` 8 T`2b2Mib i?2 /i b2i i?i Bb mb2/ iQ `mM i?2 KQ/2H M/ *?Ti2` e
T`QpB/2b bQK2 BKTH2K2MiiBQM /2iBHbX *?Ti2` d T`QpB/2b i?2 `2bmHib Q7 Qm` +b2
bim/B2b- M/ *?Ti2` 3 T`2b2Mib i?2 `2bmHib Q7 i?2 /2+QKTQb2/ KQ/2HX  ;2M2`H
/Bb+mbbBQM #Qmi i?2 KQ/2H Bb /QM2 BM *?Ti2` N- #27Q`2 i?2 +QM+HmbBQM BM *?Ti2`
RyX
M Qp2`pB2r Q7 HH i?2 /Bz2`2Mi 7Q`KmHiBQMb Q7 Qm` KQ/2H +M #2 b22M BM 6B;m`2
RXRX
6B;m`2 RXR, Pp2`pB2r Q7 i?2 T`2b2Mi2/ KQ/2Hb
j
*?Ti2` RX AMi`Q/m+iBQM
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*?Ti2` k
"+F;`QmM/ AM7Q`KiBQM
h?Bb +?Ti2` T`2b2Mib M Qp2`pB2r Q7 `2H2pMi HBi2`im`2 M/ i?2Q`B2b QM KQ/2HBM;
2H2+i`B+Biv K`F2ib- rBi?  bT2+BH 7Q+mb QM 2[mBHB#`BmK T`Q;`KKBM;X
kXR *m``2Mi KQ/2HBM; i`2M/b
o2MiQb 2i HX Ukyy8VƘT`QpB/2b M Qp2`pB2r Q7 `2+2Mi i`2M/b BM 2H2+i`B+Biv K`F2i
KQ/2HBM;X h?2v MQi2 i?i i?2 KQ/2Hb +M #2 /BpB/2/ BMiQ i?`22 ivT2b,
Ç PTiBKBxiBQM 7Q` QM2 }`K
Ç J`F2i 2[mBHB#`BmK +QMbB/2`BM; HH }`Kb
Ç aBKmHiBQM KQ/2Hb
aBM;H2 }`K QTiBKBxiBQM KQ/2Hb `2 mb2/ r?2M  ?B;? `2T`2b2MiiBQM Q7 /2iBH Bb
M2+2bb`v- bm+? b i?2 mMBi +QKKBiK2Mi T`Q#H2K- r?2M  TQr2` THMi b?QmH/ bi`i
M/ biQTX h?2 }`K KtBKBx2b i?2 T`Q}i M/ i?2 T`B+2 Bb 2Bi?2` 2tQ;2MQmb Q`
/2T2M/2Mi QM i?2 }`KǶb T`Q/m+iBQM b BM o`BM URNNkVX AM :`Qbb M/ 6BMHv URNNeV
i?2 2tQ;2MQmb T`B+2 Bb /2i2`KBMBbiB+ M/ i?2 bBKTH2 +QKT`BbQM Q7 2+? ;2M2`iQ`Ƕb
K`;BMH +Qbi M/ i?2 T`B+2 /2i2`KBM2 i?2 T`Q/m+iBQMX h?2 KQ/2H +M HbQ BM+Hm/2
M mM+2`iBM T`B+2 b BM _D`KM 2i HX UkyykVX
6Q` HQM;@i2`K THMMBM; Q` K`F2i TQr2` MHvbBb- 2[mBHB#`BmK KQ/2Hb ?p2 #22M
rB/2Hv mb2/- #mi HbQ bBKmHiBQM KQ/2Hb bBM+2 i?2v HHQr 7Q`  ;`2i2` +QKTH2tBivX
1[mBHB#`BmK T`Q#H2Kb BM+Hm/2b #Qi? KQ/2Hb #b2/ QM *Qm`MQi +QKT2iBiBQM UBM@
+Hm/2b +QMD2+im`H p`BiBQMb TT`Q+?V M/ bmTTHv 7mM+iBQM 2[mBHB#`BmK TT`Q+?
Ua61V r?B+? `2 #b2/ QM i?2 +QM+2Ti Q7 Lb?@2[mBHB#`BmKX >Q##b UkyyRV Bb 
;QQ/ 2tKTH2 Q7 i?2 7Q`K2`- r?2`2 irQ *Qm`MQi KQ/2Hb Q7 BKT2`72+i +QKT2iBiBQM
KQM; 2H2+i`B+Biv T`Q/m+2`b `2 7Q`KmHi2/ b KBt2/ HBM2` +QKTH2K2Mi`Biv T`Q#@
H2KbX h?2 a61 TT`Q+? rb BMi`Q/m+2/ #v EH2KT2`2` M/ J2v2` URN3NV M/ Bb
Km+? ?`/2` iQ +QKTmi2X Ai im`Mb Qmi i?i i?2 Ki?2KiB+H bi`m+im`2 Q7 *Qm`MQi
KQ/2Hb Bb  b2i Q7 H;2#`B+ 2[miBQMb r?BH2 i?2 Ki?2KiB+H bi`m+im`2 Q7 a61 Bb
 b2i Q7 /Bz2`2MiBH 2[miBQMb Uo2MiQb 2i HX- kyy8VX
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*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
1[mBHB#`BmK KQ/2Hb `2 #b2/ QM  7Q`KH /2}MBiBQM Q7 2[mBHB#`BmK- r?B+? Bb
Ki?2KiB+HHv 2tT`2bb2/ #v 2[miBQMbX A7 i?2 b2i Q7 2[miBQMb Bb iQQ H`;2 M/
+QKTH2t- bBKmHiBQM KQ/2Hb +M #2 mb2/ BMbi2/X aBKmHiBQM KQ/2Hb //BiBQMHHv
2M#H2 i?2 TQbbB#BHBiv Q7 BM+Hm/BM; HKQbi Mv FBM/ Q7 bi`i2;B+ #2?pBQ`- #mi i?Bb
`2[mB`2b i?i i?2 bbmKTiBQMb BM i?2 bBKmHiBQM `2 i?2Q`2iB+HHv DmbiB}2/X AM Pi2`Q@
LQpb 2i HX UkyyyV  bBKmHiBQM KQ/2H Bb T`2b2Mi2/- r?2`2 2+? }`K KtBKBx2b Bib
T`Q}i bm#D2+i iQ i2+?MB+H +QMbi`BMib QM i?2`KH M/ ?v/`Q ;2M2`iBM; mMBibX h?2`2
Bb  /vMKB+ T`Q+2/m`2 r?2`2 2+? }`K mT/i2b Bib bi`i2;v BM M Bi2`iBp2 T`Q+2bbX
h?2 M2ti T`;`T?b b?Qr  72r BMi2`2biBM; KQ/2HBM; bT2+ibX
PM2 TM@1m`QT2M 2H2+i`B+Biv KQ/2H Bb i?2 H`;2 b+H2 ;2M2`H MQM@HBM2` KQ/2H
1GJP. /2p2HQT2/ #v G2mi?QH/ 2i HX UkyRyVX h?2 KQ/2H 2M+QKTbb2b Qp2` k-yyy
MQ/2b M/ j-yyy TQr2` HBM2b BM 1m`QT2X h?2 KQ/2H KtBKBx2b bQ+BH r2H7`2- bm#D2+i
iQ i2+?MB+H +QMbi`BMibX h?2 KQ/2H ?b  rB/2 `2 Q7 TTHB+iBQMb- KQM; Qi?2`b-
q2B;i 2i HX UkyRyV mb2/ 1GJP. iQ bim/v i?2 Hi2`MiBp2 iQ #mBH/BM; >o.* U>B;?
oQHi;2 .*V +#H2b 7`QK i?2 LQ`i? a2 +Qbi iQ i?2 /2KM/ +2Mi2`b BM i?2 bQmi?
BMbi2/ Q7 i`/BiBQMH * HBM2bX h?2v 7QmM/ i?2 THM iQ #2 bmT2`BQ` M/ bm;;2bi2/ Bi
rQmH/ #2 KQ`2 TQHBiB+HHv 72bB#H2X h?2`2 `2 bQK2 /`r#+Fb iQ i?2 KQ/2H i?Qm;?-
HH T`iB+BTMib +i T2`72+iHv +QKT2iBiBp2- M/ i?2 mM+2`iBMiv Q7 rBM/ M/ bQH`
2M2`;v Bb /Bb`2;`/2/X h?Bb ?b #2+QK2 KQ`2 BKTQ`iMi BM `2+2Mi v2`b- /m2 iQ i?2
1l `2M2r#H2b i`;2ibX  T`QQ7 Q7 +QM+2Ti 7Q` biQ+?biB+Biv Q7 rBM/ rb /QM2 #v
>mTTKMM M/ EmMx UkyRRV- r?2`2 i?2v b?Qr2/ i?i biQ+?biB+Biv Q7 rBM/ +QmH/
BKT+i i?2 ;2M2`iBQM /BbTi+? BM i?2 KQ`MBM; ?Qm`bX
o2bTm++B 2i HX UkyRkVƘ7Q`KmHi2/  biQ+?biB+ HBM2` T`Q;`KKBM; KQ/2H iQ
BMp2biB;i2 i?2 BMi2;`iBQM Q7 rBM/ M/ TmKT biQ`;2R BM AiHvX h?2 7Q+mb rb QM i?2
biQ+?biB+Biv Q7 rBM/- M/ /B/ MQi p2Mim`2 BMiQ ;`B/ `2Hi2/ Bbbm2bX h?2v +QM+Hm/2/
i?i  biQ+?biB+ 7Q`KmHiBQM vB2H/2/ ?B;?2` T`Q}ib +QKT`2/ iQ MBp2Hv bbmKBM;
i?2 2tT2+i2/ pHm2- M/ i?i [mMiBH2 `2;`2bbBQM /2b+`B#2/ i?2 rBM/ mM+2`iBMiv
#2biX
a+?BHH M/ E2K72`i UkyyNV BMi`Q/m+2/ i?2 KQ/2H 1HaiQ`J- r?B+? 7Q`KmHi2b 
*Qm`MQi +QKT2iBiBQM KQ/2H rBi? bi`i2;B+ TmKT biQ`;2X h?2 KQ/2H rb TTHB2/
iQ /Bz2`2Mi +b2b BM :2`KMv- M/ 7QmM/ i?i bi`i2;B+ QT2`iQ`b rQmH/ mM/2`@
miBHBx2 i?2 biQ`;2 7+BHBiB2bX h?2 KQ/2H /B/ MQi iF2 i`MbKBbbBQM- `2M2r#H2b Q`
mM+2`iBMiv BMiQ ++QmMi- b i?2 Tm`TQb2 Q7 i?2 bim/v rb iQ B/2MiB7v i?2 2z2+ib Q7
K`F2i TQr2` QM TmKT biQ`;2 miBHBxiBQMX
q?2M `2pB2rBM; i?2 HBi2`im`2- r2 ?p2MǶi HQ+i2/ Mv KQ/2Hb i?i +Tim`2
#Qi? biQ+?biB+Biv Q7 rBM/- TmKT biQ`;2- M/ /Bz2`2Mi K`F2i TQr2` #2?pBQ` Q7
i?2 T`iB+BTMibX h?Bb `2TQ`i rBHH i?2`27Q`2 7Q`KmHi2 bm+?  KQ/2H iQ bim/v i?2
+QMb2[m2M+2b Q7 +?M;2b BM i?2 TQr2` K`F2iX q2 rBHH HbQ TTHv  .MixB;@qQH72
/2+QKTQbBiBQM b+?2K2 #b2/ QM 6mHH2` M/ *?mM; Ukyy8V- r?2`2 2+? bm#T`Q#H2K
`2T`2b2Mib  b+2M`BQX h?Bb KmHiB@bi;2 .q. TT`Q+? ?bMǶi #22M b?QrM BM i?2
HBi2`im`2 QM 2[mBHB#`BmK KQ/2Hb v2iX
RSmKT biQ`;2, aiQ`2b 2M2`;v BM i?2 7Q`K Q7 ri2`X .m`BM; iBK2 Q7 HQr TQr2` T`B+2b- ri2`
Bb TmKT2/ BMiQ `2b2`pQB`b- M/ Bb Hi2` mb2/ 7Q` TQr2` ;2M2`iBQM r?2M i?2 T`B+2 Bb ?B;?2`X a22
a2+iBQM jXkX8
e
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
kXk 1H2+i`B+Biv J`F2ib 6mM/K2MiHb
h?Bb b2+iBQM BMi2M/b iQ /2b+`B#2 bQK2 bT2+ib Q7 i?2 2H2+i`B+Biv K`F2i BM LQ`i?2`M
1m`QT2X h?2 b2+iBQM /Q2b MQi BMi2M/ iQ ;Bp2  +QKTH2i2 TB+im`2- b22 qM;2Mbi22M
UkyydV Q` EB`b+?2M M/ ai`#+ Ukyy9V 7Q` 7m`i?2` /2iBHbX h?2b2 #QQFb `2 HbQ i?2
KBM bQm`+2b 7Q` i?Bb +?Ti2` r?2M i?2`2 `2 MQ `272`2M+2bX h?2 T`2b2Mi2/ bT2+ib
`2 7QHHQr2/ mT BM i?2 KQ/2H 7Q`KmHiBQMX
kXkXR *?`+i2`BbiB+b Q7 1H2+i`B+Biv J`F2ib
1H2+i`B+Biv K`F2ib ?p2 bQK2 BKTQ`iMi +?`+i2`BbiB+b i?i /Bz2` 7`QK Qi?2` +QK@
KQ/Biv K`F2ibX 6B`bi Q7 HH- ;2M2`iBQM M/ +QMbmKTiBQM `2 BMbiMi M/ M22/ iQ
#2 +QMiBMmQmbHv BM #HM+2X Ai Bb M2+2bb`v iQ i`MbKBi M/ b2HH i?2 2H2+i`B+Biv BK@
K2/Bi2Hv 7i2` T`Q/m+iBQMX a2+QM/Hv- 2H2+i`B+Biv +MMQi MQ`KHHv #2 biQ`2/ BM M
2+QMQKB+ KMM2`X h?2 QMHv `2HBbiB+ 2t+2TiBQM Bb TmKT biQ`;2 THMib- r?2`2 ri2`
Bb TmKT2/ BMiQ `2b2`pQB`b 7Q` Hi2` TQr2` ;2M2`iBQM iQ 2tTHQBi T`B+2 /Bz2`2M+2bX
h?2 i`MbKBbbBQM Q7 2H2+i`B+Biv Bb HbQ bm#D2+i iQ i?2 T?vbB+H Hrb Q7 P?K M/
EB`+?QzX P?KǶb Hr +mb2b HQbb2b BM i?2 ;`B/- r?BH2 EB`+?QzǶb Hrb ;Qp2`M i?2
~Qr M/ Bb i?2 bQm`+2 Q7 bQK2 +QmMi2`BMimBiBp2 `2bmHibc bm+? i?i M BM+`2b2 BM
+QKT2iBiBQM BM QM2 MQ/2 +M `2bmHi BM ?B;?2` T`B+2b 2Hb2r?2`2 M/  HQr2` iQiH
+QMbmK2` bm`THmb U"2``v 2i HX- RNNN#VX
h?2 +QMbmKTiBQM Q7 2H2+i`B+Biv HbQ p`B2b i?`Qm;? i?2 /v U/vfMB;?iV- r22F
Ur22F/vfr22F2M/V M/ b2bQMX Pi?2` BKTQ`iMi +?`+i2`BbiB+b `2 i?i 2H2+i`B+Biv
+MMQi #2 i`+2/ #+F iQ i?2 T`Q/m+2` i?i +imHHv ;2M2`i2/ i?2 mMBi- M/ Bi Bb 
?QKQ;2M2Qmb +QKKQ/Biv i?i Bb 2bb2MiBH iQ bQ+B2ivX 1p2`v ?Qmb2?QH/ M/ +QKTMv
Bb +QMM2+i2/ M/ `2HB2b QM  bi#H2 +QMM2+iBQMX
h?2b2 +?`+i2`BbiB+b- +QmTH2/ rBi? i?2 7+i i?i i?2 b?Q`i `mM /2KM/ 2HbiB+Biv
Bb p2`v HQr M/ 72r mb2`b `2 bm#D2+i iQ `2H iBK2 T`B+BM;- K2Mb i?i 2H2+i`B+Biv
K`F2ib `2 pmHM2`#H2 iQ K`F2i TQr2` 2tTHQBiiBQMX
kXkXk _QH2b M/ S`iB+BTMib
h?2`2 `2 KMv +iQ`b BMpQHp2/ BM T`Q/m+BM;- i`/BM; QM /Bz2`2Mi H2p2Hb M/ +QM@
bmKBM;X 1+? +iQ` +M ?p2 QM2 Q` KQ`2 `QH2bX h?2 +QKTQbBiBQM Q7 `QH2b /Bz2`b 
#Bi #2ir22M +QmMi`B2b #mi Bb KBMHv,
Ç S`Q/m+2`bX S`Q/m+2 TQr2` M/ b2HH Bi QM i?2 K`F2iX
Ç :`B/ *QKTMB2bX _2bTQMbB#H2 7Q` QT2`iBQM M/ KBMi2MM+2 Q7 i?2 2H2+i`B+Biv
M2irQ`FX
Ç _2iBH2`bX a2HHb 2H2+i`B+Biv iQ 2M/@mb2`bX h?2v `2 Q7i2M ;2M2`iBM; +QKTMB2b
Q` i`/2`bX
Ç 1M/@mb2`bf 6BMH +mbiQK2`X AM+Hm/2b #Qi? BM/mbi`BH THv2`b M/ ?Qmb2?QH/bX
h?2B` +QMbmKTiBQM Bb z2+i2/ #v i?2 T`B+2X
d
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Ç _2;mHiQ`X _2T`2b2Mib i?2 TQHBiB+H mi?Q`BiB2b- M/ 2Mbm`2b i?i Hrb M/
`2;mHiBQMb `2 7QHHQr2/X h?2v HbQ KF2 bm`2 i?i Tm#HB+ BMi2`2bib `2 iF2M
BMiQ ++QmMiX
Ç SQr2` 1t+?M;2 USsVX HbQ +HH2/ i?2 K`F2i QT2`iQ`X _2+2Bp2b #B/b 7Q`
bH2b M/ Qz2`b Q7 ;2M2`iBQM M/ Ki+?2b i?2b2 iQ b2iiH2 [mMiBiB2b M/ T`B+2bX
*QMi`QHb i?2 b?Q`i@i2`K T?vbB+H bTQi K`F2iX
Ç h`MbKBbbBQM avbi2K PT2`iQ` UhaPVX h?2 haP Bb `2bTQMbB#H2 7Q` i?2 b2@
+m`Biv Q7 bmTTHvc ?Qm`@#v@?Qm` #HM+2 M/ 7Q` F22TBM; bm{+B2Mi +T+Biv
K`;BMb BM i?2 ;2M2`iBM; bvbi2KX h?2v HbQ KF2 bm`2 i?2 7`2[m2M+v M/
pQHi;2 Bb rBi?BM M ++2Ti#H2 `M;2X
Ç "HM+2 `2bTQMbB#H2 2MiBiB2bX qQ`Fb Qmi  #HM+2/ b+?2/mH2 2+? ?Qm` M/
F22Tb i?2 `2H@iBK2 #HM+2 +HQb2 iQ i?i b+?2/mH2X S2MHiB2b `2 BKTQb2/ B7
i?2`2 `2 /2pBiBQMb 7`QK i?2 b+?2/mH2X
Ç h`/2`b M/ #`QF2`bX h`/2`b #mv M/ b2HH QM i?2 2H2+i`B+Biv K`F2iX AM+Hm/2b
KQbi ;2M2`iBM; +QKTMB2bX "Qi? T?vbB+H M/ }MM+BH i`/2X
6B;m`2 kXR, E2v `QH2b BM  bBKTHB}2/ 2H2+i`B+Biv pHm2 +?BM
kXkXj J`F2i .2bB;M
J`F2i /2bB;M +QM+2`Mb i?2 `mH2b M/ T`+iB+H ``M;2K2Mib `2;`/BM; ?Qr i?2
/Bz2`2Mi T`iB+BTMib QT2`i2X Ai BM+Hm/2b 7Q` BMbiM+2 ;`B/ ++2bb- TQr2` i`/2 M/
T`B+2 b2iiH2K2Mi r?B+? `2 #`B2~v 2tTHBM2/ BM i?Bb b2+iBQMX
PM2 TQbbB#BHBiv Bb iQ ?p2  bBM;H2 #mv2` Ua"VX h?2 #mv2` #mvb 2H2+i`B+Biv 7`QK
i?2 ;2M2`iQ`b M/ b2HHb iQ i?2 2M/@mb2`bX h?Bb ;Bp2b  KQMQTQHv TQbBiBQM iQ i?2
bBM;H2 #mv2` M/ Bb i?2`27Q`2 MQi T`272``2/ M/ MQi mb2/ BM LQ`i?2`M 1m`QT2X AM M
2{+B2Mi K`F2i HH THv2`b M22/ 7mHH ++2bb iQ i?2 K`F2iX h?2 THv2`b M22/ #Qi?
H2;H ++2bb M/ T`+iB+H ``M;2K2Mib +QM+2`MBM; K2i2`BM; M/ #BHHBM;X h?Bb Bb
i?2 #bBb 7Q` i?2 h?B`/ S`iv ++2bb UhSV T`BM+BTH2X h?2`2 `2 irQ ivT2b Q7 hS,
`hS U`2;mHi2/V bbmK2b i?2`2 Bb  `2;mHiQ`v mi?Q`Biv M/ i?i ;`B/ ++2bb Bb
#b2/ QM `2;mHi2/ T`B+2bX h?2 MhS UM2;QiBi2/V bbmK2b M2;QiBi2/ T`B+2bX
1H2+i`B+Biv KB;?i #2 i`/2/ #Qi? QM HQM;@i2`K M/ b?Q`i@i2`K +QMi`+ib U>mBb@
KM 2i HX- kyydVX h?2 HQM;@i2`K K`F2i +QMbBbib Q7 7Q`r`/ +QMi`+ib 7Q` /Bz2`2Mi
/2HBp2`v T2`BQ/b U2X;X 7`QK  72r r22Fb iQ  v2`VX a?Q`i@i2`K +QMi`+ib `2 i`/2/
QM 2Bi?2` i?2 /v@?2/ Q` BMi`@/v K`F2iX h?2 /v@?2/ K`F2i Bb i?2 2H2+@
i`B+Biv K`F2i 7Q` i?2 7QHHQrBM; /vX 1H2+i`B+Biv T`Q/m+2`b Qz2` 2H2+i`B+Biv QM i?Bb
K`F2i #b2/ QM i?2B` #BHBiv iQ T`Q/m+2 2H2+i`B+Biv 7Q`  bT2+B}+ T2`BQ/ QM i?2
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7QHHQrBM; /v rBi? b2T`i2 T`B+2b 2+? bT2+B}+ T2`BQ/X AMi`@/v K`F2ib BMpQHp2
i`/2 Q7 2H2+i`B+Biv /2HBp2`2/ i?2 bK2 /v- M/ Q7i2M rBi?BM jy KBMmi2bX
h?2 T`B+2b BM i?2 /v@?2/ K`F2i `2 b2iiH2/ BM  T`B+2 +H2`BM; T`Q+2bbX h?2`2
`2 KBMHv irQ +i2;Q`B2bc T2`BQ/B+ +H2`BM; M/ +QMiBMmQmb m+iBQMX AM  T2`BQ/B+
+H2`BM;- i?2 +H2`BM; T`Q+2bb Bb /QM2 BM QM2 QT2`iBQMX HH i?2 THv2`b #B/ M/ i?2
TQr2` 2t+?M;2 USsV +QHH2+ib i?2 BM7Q`KiBQM i?`Qm;? QM2 Q`  72r b2i Q7 #B/bX
h?2 T`Q+2bb Bb `2T2i2/ rBi? `2;mH` BMi2`pHb- 7Q` BMbiM+2 QM+2  /vX h?2 Ss
/2+B/2b i?2 [mMiBiv M/ T`B+2 #b2/ QM i?2 BMi2`b2+iBQM #2ir22M i?2 bmTTHv M/
/2KM/ +m`p2bX HH THv2`b `2+2Bp2 i?2 bK2 T`B+2- r?B+? b?QmH/ #2 2[mH iQ i?2
b?Q`i@i2`K K`;BMH +Qbi BM  +QKT2iBiBp2 K`F2iX S2`BQ/B+ +H2`BM; Bb mb2/ #v 7Q`
2X;X LQ`/ SQQH- M/ Qi?2` Ssb BM 1m`QT2X AM  +QMiBMmQmb m+iBQM i?2 +H2`BM;
T`Q+2bb Bb /QM2 +QMiBMmQmbHvX "B/b- #Qi? bH2b M/ Tm`+?b2b `2 /BbTHv2/ QM 
K`F2i TH+2X "mv2`b M/ b2HH2`b +M TB+F i?2 Qz2`b i?2v HBF2X h?2 T`B+2 7Q` 2+?
i`Mb+iBQM Bb bii2/ BM i?2 #B/ UTv@b@#B/ T`B+2VX
h?2`2 `2 KMv TQr2` 2t+?M;2b BM 1m`QT2 i?i ?M/H2 i`/2 #2ir22M /Bz2`2Mi
+iQ`bc bQK2 `2 HBbi2/ BM h#H2 kXRX
SQr2` 1t+?M;2 *Qp2`;2
LQ`/ SQQH aTQi LQ`rv- ar2/2M- .2MK`F- 6BMHM/- 1biQMB
1S1s aTQi 6`M+2- :2`KMv- mbi`B- arBix2`HM/
Ss@1L.1s L2i?2`HM/b- lMBi2/ EBM;/QK
"2HT2t "2H;BmK
h#H2 kXR, aQK2 BKTQ`iMi 2H2+i`B+Biv bTQi K`F2ib U_/2K2F2`b 2i HX- kyy3VX
AM `2+2Mi v2`b- i?2`2 ?b #22M BMi`Q/m+2/  K`F2i +QmTHBM; #2ir22M bQK2 Q7
i?2 K`F2ib BM 1m`QT2X h?Bb K2Mb i?i  #mv Q`/2` QM QM2 2t+?M;2 Kv #2
7mH}HH2/ #v  b2HH Q`/2` QM MQi?2` 2t+?M;2- bm#D2+i iQ i?2 +T+Biv +QMbi`BMib
#2ir22M i?2KX h?2 LQ`/B+ `2;BQM Bb +QmTH2/ rBi? i?2 *2Mi`H q2bi2`M 1m`QT2M
`2;BQM i?`Qm;? i?2 DQBMi p2Mim`2 1m`QT2M J`F2i *QmTHBM; *QKTMv U1J**-
kyRRVX
kXkX9 hF2rvb
6`QK i?Bb /2b+`BTiBQM- Bi Bb TT`2Mi i?i 2H2+i`B+Biv bmTTHv M/ /2KM/ Kmbi #2
+QMiBMmQmbHv BM #HM+2X 6Q` b?Q`i@i2`K KQ/2HBM;- Bi Bb HbQ BKTQ`iMi iQ ?p2
?Qm`Hv `2bQHmiBQM iQ +Tim`2 i?2 p`BiBQM BM /2KM/X .m2 iQ i?2 HB[mB/ bTQi
K`F2ib M/ i?2 `2+2Mi K`F2i +QmTHBM;- i?2 r?QH2 K`F2i +M #2 KQ/2H2/ b 
M2irQ`F rBi? i`MbKBbbBQM +QMbi`BMibX h?2 7`22 K`F2i 2Mbm`2b i?i 2p2`vQM2 Bb
bm#D2+i iQ i?2 bK2 K`F2i T`B+2X *QMbB/2`iBQM Kmbi #2 K/2 iQ r?i H2p2H Q7
T?vbB+H /2iBH Bb M2+2bb`v QM i?2 i`MbKBbbBQM M2irQ`F- M/ r?i K`F2i 7Q`K
i?i b?QmH/ #2 KQ/2H2/X h?2 KQbi `2H2pMi +iQ`b 7Q`  KQ/2H `2 i?2 h`MbKBbbBQM
avbi2K PT2`iQ` i?i +QMi`QHb i?2 ~Qr QM i?2 TQr2` HBM2b- i?2 BM/BpB/mH T`Q/m+2`b-
M/ i?2 2M/ +mbiQK2`X
N
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iBQM
kXj 1[mBHB#`BmK JQ/2HBM;
h?Bb b2+iBQM 2tTHBMb i?2 +QM+2Ti Q7 2[mBHB#`BmK KQ/2HBM; M/ TTHB+iBQM QM
*Qm`MQi +QKT2iBiBQMX M 2[mBHB#`BmK T`Q#H2K +M #2 mb2/ iQ }M/ Qmi ?Qr /Bz2`@
2Mi +iQ`b #2?p2 bi`i2;B+HHv BM  K`F2iX h?2 #bB+ B/2 Bb iQ bBKmHiM2QmbHv
bQHp2 /Bz2`2Mi +iQ`bǶ QTiBKBxiBQM T`Q#H2Kb rBi?BM  bvbi2K- M/ ?QT27mHHv `2+?
M 2[mBHB#`BmK TQBMi i?i Bb mMB[m2 M/ ;HQ#HHv QTiBKHX h?2 +QM+2Ti Q7  K`F2i
2[mBHB#`BmK Bb 7mM/K2MiH iQ 2+QMQKB+b- M/ ``Qr M/ .2#`2m URN89V }`bi T`Qp2/
i?2 2tBbi2M+2 Q7 M 2[mBHB#`BmK BM  +QKT2iBiBp2 2+QMQKvX Gi2` rQ`F #v KQM;
Qi?2`b 6`MF C`X M/ ZmM/i URNejV M/ axB/`QpbxFv M/ uFQrBix URNddV T`Qp2/
i?2 2tBbi2M+2 Q7 M 2[mBHB#`BmK 7Q` i?2 *Qm`MQi T`Q#H2K U*Qm`MQi- R3j3VX h?2 2t@
Bbi2M+2 Q7 M 2[mBHB#`BmK Bb  T`2`2[mBbBi2 7Q` 2[mBHB#`BmK T`Q;`KKBM;X AKTQ`iMi
bT2+ib iQ BMp2biB;i2 `2 2[mBHB#`BmK T`Q#H2K +Hbb2b- *Qm`MQi +QKT2iBiBQM- EEh
+QM/BiBQMb- QTiBKHBiv +QM/BiBQMb- M/ p`BiBQMH BM2[mHBiB2bX
kXjXR 1H2+i`B+Biv J`F2i JQ/2HBM;
h?2`2 `2 KMv rvb Q7 KQ/2HBM; i?2 2H2+i`B+Biv K`F2iX Ai Bb [mBi2 +QKKQM iQ
bbmK2  T2`72+i +QKT2iBiBp2 K`F2i M/ KtBKBx2 i?2 bQ+BH r2H7`2- r?B+? Bb
i?2 bmK Q7 i?2 T`Q/m+2`bǶ T`Q}i M/ i?2 +QMbmK2` bm`THmbX MQi?2` QTiBQM Bb iQ
bbmK2 i?2 K`F2i QT2`i2b rBi? BKT2`72+i +QKT2iBiBQM M/ i?i }`Kb `2 #H2
iQ BM~m2M+2 i?2 2H2+i`B+Biv T`B+2X 6`QK KB+`Q2+QMQKB+b r2 FMQr i?i i?2 r2HH
FMQrM *Qm`MQi M/ ai+F2H#2`; KQ/2Hb +M #2 mb2/ BM M QHB;QTQHv rBi? K`F2i
TQr2`X AM i?2 ai+F2H#2`; KQ/2H QM2 Q7 i?2 +QKTMB2b- i?2 ai+F2H#2`; H2/2`- b2ib
Bib QmiTmi #27Q`2 HH Qi?2` }`Kb- M/ HH i?2 Qi?2` THv2`b KtBKBx2 i?2B` T`Q}i
;Bp2M i?2 ai+F2H#2`; H2/2`Ƕb /2+BbBQMX h?2 ai+F2H#2`; H2/2` ?b  }`bi KQp2`
/pMi;2 USBM/v+F M/ _m#BM72H/- kyyNVkX h?2 *Qm`MQi KQ/2H +M #2 mb2/ B7 r2
bbmK2 i?2`2 Bb MQ ai+F2H#2`; H2/2` M/ HH THv2`b /2+B/2 i?2B` T`Q/m+iBQM H2p2H
bBKmHiM2QmbHvX "Qi? *Qm`MQi M/ ai+F2H#2`; +QKT2iBiBQM +M #2 7Q`KmHi2/ b
2[mBHB#`BmK T`Q#H2KbX
kXjXk 1[mBHB#`BmK S`Q#H2K *Hbb2b
h?2`2 `2 /Bz2`2Mi +Hbb2b Q7 2[mBHB#`BmK T`Q#H2Kb i?i `2 /BpB/2/ BMiQ QM2 H2p2H
Q` #BH2p2H T`Q#H2KbX "BH2p2H T`Q#H2Kb `2 /2b+`B#2/ BM GmQ 2i HX URNNeVX AM bm+?
T`Q#H2Kb i?2 /2+BbBQMb `2 /2+B/2/ QM irQ H2p2HbX h?2 #BH2p2H T`Q#H2Kb `2 7m`i?2`
/BpB/2/ BMiQ Ki?2KiB+H T`Q;`Kb rBi? 2[mBHB#`BmK +QMbi`BMib UJS1*V M/
2[mBHB#`BmK T`Q;`Kb rBi? 2[mBHB#`BmK +QMbi`BMib U1S1*VX AM M JS1* i?2 +QM@
bi`BMib Bib2H7 `2 i?2 `2bmHi Q7 M 2[mBHB#`BmK T`Q#H2K M/ i?2 Q#D2+iBp2 7mM+iBQM Bb
 bBM;H2 }`KǶb QTiBKBxiBQM T`Q#H2KX h?2 ai+F2H#2`; ;K2 +M #2 7Q`KmHi2/ b
M JS1*- r?2`2 QM2 }`K Bb /QKBMMi M/ i?2 Qi?2` }`Kb KF2b /2+BbBQMb #b2/
QM i?2 ai+F2H#2`; H2/2`Ƕb /2+BbBQMX M 2tKTH2 Q7 M 1S1* Bb  KmHiB@H2/2`
k"v MMQmM+BM; i?2 +T+Biv }`bi +`2i2b  7Bi ++QKTHBX LQ Kii2` r?i vQm` +QKT2iBiQ`b
/Q- vQm` QmiTmi rBHH #2 H`;2X uQm` +QKT2iBiQ`b Kmbi iF2 vQm` QmiTmi b ;Bp2M M/ b2i  HQr
H2p2H Q7 QmiTmi 7Q` Bib2H7- iQ MQi /`Bp2 /QrM i?2 T`B+2 bQ #Qi? i?2v M/ i?2 ai+F2H#2`; H2/2` HQb2
KQM2vX
Ry
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
7QHHQr2` ;K2- r?2`2 2+? H2/2` Bb bQHpBM; M JS1*X h?2 Q#D2+iBp2 7mM+iBQM ;Bp2b
i?2 bQHmiBQM iQ MQi?2` 2[mBHB#`BmK T`Q#H2KX ++Q`/BM; iQ JB/i?mM UkyydV- i?2
bQHmiBQM +MMQi #2 ;m`Mi22/ iQ #2 mMB[m2X
PM2@H2p2H T`Q#H2Kb `2 /2b+`B#2/ BM :#`B2H 2i HX UkyRkVX h?2v `2 HbQ +HH2/
JBt2/ *QKTH2K2Mi`Biv S`Q#H2Kb UJ*SV- M/ +M #2 +HbbB}2/ ++Q`/BM; iQ r?2i?2`
Q` MQi i?2v BM+Hm/2 2[mHBiv +QMbi`BMb- M/ r?2i?2` Q` MQi i?2 +QMbi`BMib `2
HBM2` Ub22 h#H2 kXkVX J*Sb +M ?p2 #Qi? 2[mHBiv M/ MQMHBM2` +QMbi`BMib-
r?BH2 i?2 JBt2/ GBM2` *QKTH2K2Mi`Biv S`Q#H2Kb UJG*SV Kmbi ?p2 HBM2` +QM@
bi`BMibX LQMHBM2` *QKTH2K2Mi`Biv S`Q#H2Kb UL*SV ?p2 QMHv BM2[mHBiv +QM@
bi`BMib- r?BH2 BM M GBM2` *QKTH2K2Mi`Biv S`Q#H2K UG*SV i?2 +QMbi`BMib Kmbi
#2 HBM2`X PM2 TTHB+iBQM Q7 J*Sb Bb BM bQHpBM; *Qm`MQi T`Q#H2Kb r?B+? Bb /2KQM@
bi`i2/ BM i?2 M2ti b2+iBQMbX
LQM@HBM2` GBM2`
qBi? 2[mHBiv +QMbi`BMib J*S JG*S
PMHv BM2[mHBiv +QMbi`BMib L*S G*S
h#H2 kXk, PM2@H2p2H 2[mBHB#`BmK T`Q#H2Kb
kXjXj *Qm`MQi *QKT2iBiBQM
*Qm`MQi +QKT2iBiBQM Bb rBi?BM i?2 2+QMQKB+ }2H/ Q7 ;K2 i?2Q`vX :K2 i?2Q`v rb
7Q`KHHv /2b+`B#2/ BM pQM L2mKMM M/ JQ`;2Mbi2`M URN99V- M/ ?b Hi2` #22M
/2p2HQT2/ M/ K/2 TTHB+#H2 7Q` /Bz2`2Mi /Bb+BTHBM2bX :K2 i?2Q`v Bb 2bT2+BHHv
mb27mH BM /2b+`B#BM; #2?pBQ` BM K`F2ib rBi? KMv THv2`b- r?2`2 i?2v +i bi`i2@
;B+HHvX 1+? THv2` KF2b /2+BbBQMb #b2/ QM HH i?2 Qi?2` THv2`bǶ /2+BbBQMbX 6Q`
BMbiM+2 HH THv2`b Kmbi /2+B/2 ?Qr Km+? i?2v `2 ;QBM; iQ T`Q/m+2 BM i?2 M2ti
iBK2 T2`BQ/X h?2 *Qm`MQi KQ/2H Bb /2b+`B#2/ BM SBM/v+F M/ _m#BM72H/ UkyyNVX
h?2`2 Kmbi #2  }t2/ MmK#2` Q7 THv2`b- M/ i?2v `2 MQi HHQr2/ iQ +QQT2`i2X
h?2 }`Kb ?p2 K`F2i TQr2`- r?B+? K2Mb i?i i?2 T`Q/m+iBQM H2p2H z2+ib i?2
T`B+2X HH i?2 THv2`b +?QQb2 i?2 [mMiBiB2b bBKmHiM2QmbHv Q7  ?QKQ;2M2Qmb T`Q/@
m+iX AM //BiBQM HH i?2 THv2`b `2 #2?pBM; 2+QMQKB+HHv `iBQMHHv M/ i`v iQ
KtBKBx2 i?2B` QrM T`Q}iX
h?2 2bb2M+2 Q7 i?2 KQ/2H Bb i?i i?2 THv2`b i`2i i?2 QmiTmi H2p2H Q7 i?2B`
+QKT2iBiQ`b b }t2/ r?2M +H+mHiBM; i?2B` QrM T`Q/m+iBQM H2p2HX h?2 7QHHQrBM;
Bb  bKHH 2tKTH2 7Q` irQ T`Q/m+2`bX S`Q/m+2` p ∈ {1, 2} ?b i?2 T`Q}i 7mM+iBQM
pip BM  /mQTQHvX P (x) Bb i?2 T`B+2- MC i?2 K`;BMH +Qbi i?i Bb 2[mH 7Q` #Qi?
THv2`b- M/ INT M/ SLP i?i `2 i?2 BMi2`+2Ti M/ bHQT2 Q7 i?2 BMp2`b2 /2KM/
7mM+iBQMX
pip = P (xT )× xp −MC × xp UkXRV
h?2 BMp2`b2 /2KM/ 7mM+iBQM Bb ;Bp2M #v
P (xT ) = INT − SLP × xT UkXkV
RR
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xT =
∑
p
xp UkXjV
hQ }M/ THv2` pǶb #2bi +?QB+2 Q7 T`Q/m+iBQM- r2 b2i i?2 /2`BpiBp2 2[mH iQ y,
dpip
dxp
=
dP (xT )
dxp
× xp + P (xT )−MC = 0 UkX9V
q2 HbQ ?p2
dP
dxp
=
dP (xT )
dxT
× dxT
dxp
UkX8V
dP (xT )
dxT
= −SLP UkXeV
AM *Qm`MQi T`Q#H2Kb- dxTdxp = 1 ∀p M/ r2 ?p2,
dpip
dxp
= INT − SLP × xT − SLP × xp −MC = 0 UkXdV
aQHpBM; 7Q` +iQ` R #v bm#biBimiBM; xT r2 /2`Bp2 i?2 #2bi `2bTQMb2 7mM+iBQM 7Q`
T`Q/m+2` 1- /2T2M/BM; QM i?2 QmiTmi /2+BbBQM Q7 T`Q/m+2` 2X
x1 =
INT −MC
2× SLP −
x2
2
UkX3V
"v bm#biBimiBM; THv2` 2Ƕb #2bi `2bTQMb2 7mM+iBQM BMiQ THv2` 1Ƕb- r2 Q#iBM 
2[mBHB#`BmK rBi? i?2 7QHHQrBM; T`B+2b M/ [mMiBiB2b,
x1 =
INT −MC
3× SLP UkXNV
P =
INT + 2×MC
3
UkXRyV
"v bvKK2i`v x2 = x1X LQiB+2 i?i T`B+2 rBHH #2 ?B;?2` i?M i?2 K`;BMH +Qbi-
b r2 ?p2 BKT2`72+i +QKT2iBiBQMX ++Q`/BM; iQ SBM/v+F M/ _m#BM72H/ UkyyNV
 Lb?@1[mBHB#`BmK Bb  bii2 BM r?B+? 2+? }`K Bb /QBM; i?2 #2bi Bi +M ;Bp2M
r?i Bib +QKT2iBiQ`b `2 /QBM;X qBi? i?2b2 QmiTmib- MQM2 Q7 i?2 THv2`b ?p2 M
BM+2MiBp2 iQ /2pBi2 7`QK i?2 /2+B/2/ [mMiBiv M/  Lb?@*Qm`MQi 2[mBHB#`BmK
?b #22M `2+?2/X AM Q`/2` 7Q` i?2 bQHmiBQM iQ #2 mMB[m2- i?2 /2KM/ M/ K`;BMH
+Qbi 7mM+iBQMb ?p2 iQ #2 irB+2 /Bz2`2MiB#H2 M/ i?2 7mM+iBQMb M22/ iQ #2 +QM+p2
UaxB/`QpbxFv M/ uFQrBix- RNddVX
AM i?Bb +b2 Bi rb  bKHH T`Q#H2K M/ Bi rb 2bv iQ bQHp2 i?2 irQ QTiBKBxiBQM
T`Q#H2Kb bBKmHiM2QmbHvX "Qi? THv2`b 2bi#HBb?2/  #2bi `2bTQMb2 7mM+iBQM iQ i?2
Qi?2` THv2`Ƕb /2+BbBQM USBM/v+F M/ _m#BM72H/- kyyNV- `2bmHiBM; BM  bKHH b2i Q7
2[miBQMbX avKK2i`v +M #2 mb2/ QM H`;2` T`Q#H2Kb rBi? KQ`2 THv2`b B7 i?2v
`2 B/2MiB+H rBi? i?2 bK2 +Qbi +?`+i2`BbiB+bX AM `2HBiv i?2v `2 /Bz2`2Mi M/
i?2`2 `2 Qi?2` +QMbi`BMib- bm+? b T`Q/m+iBQM M/ i`Mb72` HBKBib- i?i KF2 i?2
Rk
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T`Q#H2K iQQ +QKTH2t iQ bQHp2 /B`2+iHvX AM T`+iB+2  bK`i2` K2i?Q/ Kmbi #2
mb2/- bm+? b i?2 J*S 7Q`KmHiBQM U:#`B2H 2i HX- kyRkV- i?i `2Hv QM i?2 EEh
+QM/BiBQMb Q7 i?2 /Bz2`2Mi THv2`bX
kXjX9 E`mb?@Em?M@hm+F2` *QM/BiBQMb
h?2 E`mb?@Em?M@hm+F2` UEEhV +QM/BiBQMb +M #2 /2`Bp2/ mbBM; i?2 G;`M;BM
7mM+iBQM UGmM/;`2M 2i HX- kyRyV- M/ mb2b i?2 +QM+2Ti +QKTH2K2Mi`BivX *QKTH2@
K2Mi`Biv Bb /2b+`B#2/ BM i?2 HBi2`im`2 M/ :#`B2H 2i HX UkyRkV ;Bp2b M 2t+2HH2Mi
/2b+`BTiBQM BM i?2 +QMi2ti Q7 2[mBHB#`BmK KQ/2HBM;X h?2 ;2M2`H 7Q`K Q7 +QKTH2K2M@
i`Biv Bb iQ }M/  p2+iQ` x i?i biBb}2b i?2 +QKTH2K2Mi`Biv +QM/BiBQM f(x)Tx = 0X
h?2M 7Q` 2+? 2H2K2Mi i Q7 i?2 p2+iQ`- 2Bi?2` xi Q` f(xi) Kmbi 2[mH x2`QX h?Bb Bb
r`Bii2M Ki?2KiB+HHv rBi? i?2 T2`T2M/B+mH` QT2`iQ` U⊥VX x M/ f(x) `2 bB/
iQ #2 +QKTH2K2Mi`v r?2M x ⊥ f(x)X
h?2 7QHHQrBM; QTiBKBxiBQM T`Q#H2K Bb /2}M2/X
JBMx f(x)
b.i. gi(x) ≥ 0, (λi) ∀ i ∈ I
hj(x) = 0, (µi) ∀ j ∈ J
x ≥ 0
UkXRRV
h?2 EEh +QM/BiBQMb- r`Bii2M rBi? i?2 +QKTH2K2Mi`Biv MQiiBQM- `2 i?2M,
∇f(x)−
∑
i
λi∇gi(x)T +
∑
j
µj∇hj(x)T = 0
0 ≤ λi ⊥ gi(x) ≥ 0
hj(x) = 0
µj − 7`22
UkXRkV
h?2 T`iBH /2`BpiBp2 Q7 i?2 Q#D2+iBp2 7mM+iBQM Bb  MQM@M2;iBp2 HBM2` +QK#B@
MiBQM Q7 i?2 +QMbi`BMi ;`/B2Mib- M/ /2}M2b /mH 72bB#BHBiv iQ;2i?2` rBi? λi ≥ 0X
h?2 2[miBQMb gi(x) ≥ M/ hj(x) = 0 /2}M2 T`BKH 72bB#BHBiv M/ bii2b i?i BM
Q`/2` 7Q`  TQBMi iQ #2  +M/B/i2 7Q`  HQ+H KBMBKmK bQHmiBQM- Bi Kmbi #2 72@
bB#H2X h?2 T2`T2M/B+mH` QT2`iQ` /2}M2b i?2 +QKTH2K2Mi`Biv M/ bii2b r?B+?
+QMbi`BMib `2 +iBp2 BM i?2 bQHmiBQM TQBMiX A7 i?2 /mH p`B#H2 Q7 M BM2[mHBiv
+QMbi`BMi Bb ;`2i2` i?M x2`Q- i?2 +QMbi`BMi Bb +iBp2X
++Q`/BM; iQ GmM/;`2M 2i HX UkyRyV- EEh +QM/BiBQMb `2 M2+2bb`v B7 bQK2
`2;mH`Biv +QM/BiBQMb- HbQ +HH2/ *QMbi`BMi ZmHB}+iBQM U*ZV +QM/BiBQMb `2 bi@
Bb}2/X q2 rBHH MQi ;Q BMiQ /2iBHb #Qmi *Zb #mi `272` iQ "x` 2i HX Ukyy8V
r?2`2 b2p2`H *Zb `2 /Bb+mbb2/X AM Q`/2` 7Q` i?2 EEh +QM/BiBQMb iQ HbQ #2 bm{@
+B2Mi 7Q` QTiBKHBiv- i?2 T`Q#H2K Kmbi biBb7v i?2 EEh +QM/BiBQMb M/ #2 +QMp2tX
h?2 bQHmiBQM rBHH i?2M #2 #Qi?  HQ+H M/  ;HQ#H QTiBKmKX
h?2 EEh +QM/BiBQMb iQ  T`Q#H2K `2 i?2`27Q`2 bm{+B2Mi 7Q` QTiBKHBiv 7Q`
 KBMBKBxiBQM T`Q#H2K B7 i?2 Q#D2+iBp2 7mM+iBQM f(x) Bb +QMp2t M/ i?2 72bB#H2
Rj
*?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+F;`QmM/ AM7Q`KiBQM
bQHmiBQM bT+2 Bb +QMp2tX Ai Bb T`Qp2M i?i 7mM+iBQM f(x) Bb +QMp2t B7 M/ QMHv B7
Bib >2bbBM Ki`Bt Bb TQbBiBp2 b2KB /2}MBi2X AM Q`/2` iQ ?p2  mMB[m2 bQHmiBQM- i?2
T`Q#H2K Kmbi #2 bi`B+iHv +QMp2t- r?B+? K2Mb i?i i?2 >2bbBM Kmbi #2 TQbBiBp2
/2}MBi2 UGmM/;`2M 2i HX- kyRyVX
kXjX8 aQHpBM;  Lb?@*Qm`MQi 1[mBHB#`BmK S`Q#H2K b M
J*S
 *Qm`MQi T`Q#H2K +MMQi #2 bQHp2/ BbQHi2/ 7Q` 2+? THv2`- bBM+2 i?2 T`Q#H2K
7Q` QM2 THv2` /2T2M/b QM HH i?2 Qi?2` THv2`bX h?Bb K2Mb i?i HH i?2 T`Q#H2Kb
Kmbi #2 bQHp2/ bBKmHiM2QmbHvX aBM+2 i?2 EEh +QM/BiBQMb 7Q` HH i?2 THv2`b Kmbi
#2 biBb}2/ BM M 2[mBHB#`BmK bQHmiBQM- i?2 T`Q#H2K +M #2 bQHp2/ #v ;;`2;iBM;
i?2 EEh +QM/BiBQMb M/ HBMFBM; i?2K rBi?  K`F2i@+H2`BM; +QM/BiBQM- vB2H/BM; M
J*SX AM Qi?2` rQ`/b  *Qm`MQi T`Q#H2K +M #2 7Q`KmHi2/ M/ bQHp2/ b M J*S-
#v /2`BpBM; i?2 EEh +QM/BiBQMb Q7 HH i?2 /Bz2`2Mi +iQ`bǶ QTiBKBxiBQM T`Q#H2Kb
U:#`B2H 2i HX- kyRkVX h?Bb TT`Q+? Bb mb2/ #v 2X;X >Q##b UkyyRV- :#`B2H 2i HX
Ukyy8V M/ 1;;BM; 2i HX UkyRyVX M /pMi;2 Q7 i?2 J*S 7Q`KmHiBQM Bb i?i
vQm +M 2bBHv KMBTmHi2 #Qi? i?2 T`BKH UT?vbB+HV M/ i?2 /mH UT`B+2V p`B#H2b
U:#`B2H 2i HX- kyRkVX
6B;m`2 kXk, JQ/2H bi`m+im`2 Q7 M 2[mBHB#`BmK T`Q#H2K
amKK`Bx2/- i?2 bi2Tb BM bQHpBM;  Lb?@*Qm`MQi 1[mBHB#`BmK S`Q#H2K `2,
RX aii2 2+? THv2`Ƕb QTiBKBxiBQM T`Q#H2K
kX *?2+F i?i i?2 EEh +QM/BiBQMb `2 M2+2bb`v M/ bm{+B2Mi
jX 6BM/ i?2 EEh@+QM/BiBQMb 7Q` 2+? THv2`
9X J2`;2 i?2 EEh@+QM/BiBQMb iQ  H`;2 +QKTH2K2Mi`Biv bvbi2K
R9
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
8X // i?2 K`F2i@+H2`BM; +QM/BiBQM M/ Qi?2` `2H2pMi +QMbi`BMib
eX aQHp2 i?2 ;;`2;i2/ bvbi2K BM QM2 QT2`iBQM
kXjXe o`BiBQMH AM2[mHBiB2b
o`BiBQMH BM2[mHBiB2b UoAV Bb  Ki?2KiB+H 7`K2rQ`F 7Q` bim/vBM; #Qi? QTiB@
KBxiBQM M/ 2[mBHB#`BmK T`Q#H2KbX 6++?BM2B M/ SM; UkyyjV T`QpB/2b  +QKT`2@
?2MbBp2 +Qp2`;2 Q7 o`BiBQMH AM2[mHBiv i?2Q`v M/ TTHB+iBQMbX A7 MQi Qi?2`rBb2
MQi2/- i?2 i?2Q`v T`2b2Mi2/ BM i?Bb b2+iBQM Bb 7`QK i?i #QQFX
h?2 o`BiBQMH AM2[mHBiv T`Q#H2K V I(F,K) Bb iQ }M/  p2+iQ` x∗ BM M 1m@
+HB/2M bm#bT+2 K rBi?  KTTBM; F : K → Rn bm+? i?i
F (x∗) · (x− x∗)T ≥ 0, ∀x ∈ K UkXRjV
h?Bb +M #2 BMi2`T`2i2/ ;2QK2i`B+HHv i?i F (x∗) M22/b iQ 7Q`K M +mi2 M;H2
rBi? Mv p2+iQ` Q`B;BMiBM; 7`QK i?2 bQHmiBQM TQBMi x∗ iQ Mv TQBMi BM i?2 72bB#H2
`2 K- b22 6B;m`2 kXjjX 6Q`KHHv r2 bv i?i −F (x∗) Kmbi #2HQM; iQ i?2 MQ`KH
+QM2 iQ K i x∗X
6B;m`2 kXj, :`T?B+H BMi2`T`2iiBQM Q7  oA
h?2 +QMM2+iBQM rBi? +QKTH2K2Mi`Biv T`Q#H2Kb `Bb2b r?2M i?2 72bB#H2 b2i K
Bb  +QM2X h?2 T`Q#H2K CP (F,K) Bb iQ }M/  p2+iQ` x ∈ Rn i?i biBb}2b
K * x ⊥ F (x) ∈ K∗
r?2`2 K∗ Bb i?2 /mH +QM2 iQ K- r?B+? K2Mb i?i Mv p2+iQ` BM K∗ 7Q`Kb 
MQM@Q#imb2 M;H2 rBi? Mv p2+iQ` BM KX
jb  `2KBM/2` i?2 /Qi T`Q/m+i Q7 irQ p2+iQ`b Bb ‖x‖ × ‖y‖ × +Qb θ
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 p2+iQ` t bQHp2b i?2 V I(F,K) B7 M/ QMHv B7 t bQHp2b CP (F,K)X h?Bb +M
#2 b22M #v BMb2`iBM; x = 0 M/ x = 2x∗ BMiQ i?2 /2}MBiBQM Q7 i?2 oA U2[miBQM
kXRjV- r?B+? iQ;2i?2` T`Q/m+2 i?2 `2bmHi i?i x∗F (x∗) = 0- i?2 +QKTH2K2Mi`Biv
+QM/BiBQMX "v /2}MBiBQM-  p2+iQ` t i?i bQHp2b V I(F,K) 7mH}HHb x ∈ KX Ai Bb i?2M
QMHv M2+2bb`v iQ b?Qr i?i F (x∗) ∈ K∗ Bb biBb}2/X aBM+2 x∗F (x∗) = 0 r2 FMQr
i?i xF (x∗) ≥ 0X h?Bb K2Mb i?i i?2 p2+iQ` F (x∗) 7Q`Kb  MQM@Q#imb2 M;H2 rBi?
x- M/ bBM+2 x Bb BM K- r2 ?p2 i?2 /2}MBiBQM Q7 i?2 /mH +QM2 M/ F (x∗) ∈ K∗ Bb
7mH}HH2/X h?2 +QMp2`b2 +M HbQ #2 i`BpBHHv b22MX
h?2`2 `2 KQ`2 Q7 i?2b2 bT2+BH `2HiBQMb?BTb- M/ Q7 T`iB+mH` BMi2`2bi Bb i?2
7+i i?i M {M2 oA UAV I(F,K)V Bb 2[mBpH2Mi iQ M JG*SX  oA Bb +HH2/ {M2
B7 F Bb {M2 M/ K Bb  TQHv?2/`H b2iX Mv bQHmiBQM iQ M oA- rBi? M m;K2Mi2/
KTTBM; F˜ - Kmbi HbQ #2  bQHmiBQM iQ i?2 JG*SX AM 7+i- i?2 2[mBpH2Mi JG*S
Bb FMQrM b i?2 EEh bvbi2K Q7 i?2 oAX
G2i K ≡ {x ∈ Rn : g(x) ≥ 0, h(x) = 0}X AV I(F,K) QMHv ?b  bQHmiBQM B7 i?2`2
2tBbib p2+iQ`b λ M/ µ bm+? i?i
0 = F (x)− λ∇g(x)T + µ∇h(x)T
0 ≤ λ ⊥ g(x) ≥ 0
h(x) = 0
µ− 7`22
h?2 +Q``2bTQM/BM; m;K2Mi2/ KTTBM; F˜ rQmH/ #2
F˜ (x,λ, µ) ≡
 F (x)− λ∇g(x)T + µ∇h(x)Tg(x)
h(x)

Ai Bb i`BpBH iQ b22 i?i B7 r2 H2i F (x) #2 i?2 /2`BpiBp2 Q7 i?2 Q#D2+iBp2 7mM+iBQM-
r2 ?p2 i?2 7KBHB` EEh bvbi2K b T`2b2Mi2/ BM a2+iBQM kXjX9X
6Q`  KmHiBTH2 THv2` Lb?@1[mBHB#`BmK T`Q#H2K- i?2 BM/BpB/mH EEh@bvbi2Kb
+M #2 ;;`2;i2/ iQ;2i?2` rBi?  K`F2i +H2`BM; +QM/BiBQM BM i?2 +QMbi`BMi b2i-
iQ 7Q`K M ;;`2;i2 oAX
Re
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
kX9 J`F2i SQr2` _2T`2b2MiiBQM
J`F2i TQr2` Bb i?2 #BHBiv Q7 2Bi?2` b2HH2` Q` #mv2` iQ z2+i i?2 T`B+2 Q7  ;QQ/
USBM/v+F M/ _m#BM72H/- kyyNVX AM  *Qm`MQi KQ/2H- b b?QrM BM a2+iBQM kXjXj-
}`Kb mb2 i?2B` K`F2i TQr2` iQ `2/m+2 QmiTmi M/ `Bb2 T`B+2b iQ KtBKBx2 i?2B`
QrM T`Q}iX AM  `2H K`F2i  }`K +M ?p2 H2bb K`F2i TQr2` i?M  *Qm`MQi
THv2`- #mi biBHH KQ`2 K`F2i TQr2` i?M  T`B+2 iF2`X hrQ +QKKQM K2bm`2b iQ
bb2bb i?2 +QKT2iBiBQM BM  K`F2i `2 i?2 >2`}M/?H@>B`b+?KM AM/2t U>>AV M/
i?2 G2`M2` BM/2t UqM; 2i HX- kyy9VX
h?2 >>A Bb M BM/B+iQ` Q7 i?2 +QM+2Mi`iBQM BM  K`F2i U>B`b+?KM- RNe9VX
h?2 BM/2t Bb i?2 bmK Q7 i?2 b[m`2/ K`F2i b?`2b Q7 2+? }`K- M/  };m`2 #Qp2
R-3yy Bb +QMbB/2`2/ iQ #2  +QM+2Mi`i2/ K`F2iX b M 2tKTH2- i?2 +QM+2Mi`@
iBQM KQM; 2H2+i`B+Biv T`Q/m+2`b BM i?2 1l Bb ?B;?- rBi? M p2`;2 >>A Q7 9-Rdd
U*QKKBbbBQM- kyRRVX h?2 BM/B+iQ` Bb +QKKQMHv mb2/ #v +QKT2iBiBQM mi?Q`BiB2b
r?2M bb2bbBM; K2`;2`b UqM; 2i HX- kyy9VX
h?2 G2`M2` BM/2t UG2`M2`- RNj9V r?B+? K2bm`2b i?2 T`B+2@+Qbi K`;BMb Bb M@
Qi?2` BM/2t mb2/ iQ 2pHmi2 K`F2i TQr2`X q?BH2 i?2 >>A 7Q+mb QM i?2 K`F2i-
i?2 G2`M2` BM/2t 7Q+mb QM 2+? }`KǶb K`F2i TQr2`X h?2 BM/2t /2b+`B#2b i?2 `2@
HiBQMb?BT #2ir22M T`B+2 2HbiB+Biv M/  T`Q}i KtBKBxBM; }`KǶb T`B+2 K`;BMX Ai
+M M2p2` #2 ;`2i2` i?M QM2- r?B+? Bb i?2 KQMQTQHvX
L =
P −MC
P
= − 1
Ed
P Bb i?2 T`B+2- MC Bb i?2 }`KbǶ K`;BMH +Qbi M/ Ed Bb i?2 /2KM/ 2HbiB+BivX
b M 2tKTH2- qQHF UkyyjV mb2/ i?2 BM/2t iQ MHvx2 i?2 HB#2`HBxiBQM Q7 i?2
*HB7Q`MBM TQr2` K`F2i- r?B+? 2tT2`B2M+2/ bB;MB}+MiHv ?B;?2` T`B+2b M/ Qmi;2b
BM kyyy M/ kyyRX
kX9XR J`F2i SQr2` JQ/2HBM;
J`F2i TQr2` ?b #22M KQ/2H2/ BM /Bz2`2Mi rvbX "Qi? 2[mBHB#`BmK- HBM2` M/
[m/`iB+ T`Q#H2Kb +M +Tim`2 bT2+ib Q7 K`F2i TQr2`X AM+Hm/BM;  K`F@mT
Bb T`Q##Hv i?2 bBKTH2bi rv iQ BKTH2K2Mi K`F2i TQr2` UaK22`b- kyy3VX h?2
K`F@mT Bb /2}M2/ b i?2 /Bz2`2M+2 #2ir22M i?2 +Qbi Q7  ;QQ/ M/ Bib K`F2i
T`B+2X h?2 2bB2bi 7Q`K Q7 K`F@mT mb;2 Bb iQ bi`i rBi?  T2`72+i +QKT2iBiBQM
KQ/2H M/ //  pHm2 iQ i?2 Tm`2 +QKT2iBiBQM T`B+2X aK22`b Ukyy3V `;m2b i?i
M 2tQ;2MQmb K`F@mT Bb 2[mHHv `#Bi``v b 7Q` BMbiM+2 +QMD2+im`H p`BiBQM
2tTHBM2/ BM a2+iBQM kX9XkX J`F@mTb `2 2bv iQ BKTH2K2Mi BM KQ/2Hb- iQ BMi2`T`2i
M/ iQ +QKT`2 rBi? Q#b2`piBQMbX ai22M M/ aHpM2b URNNNV Bb QM2 2tKTH2 Q7
K`F@mT mb;2X  T`K2i2` λ Bb mb2/ iQ /Dmbi i?2 K`F2i TQr2`- M/ i?2 KQ/2H
Bb BHHmbi`i2/ rBi? M MHvbBb Q7 i?2 bHKQM K`F2iX J`F@mTb ?p2 #22M mb2/
7Q` HBM2` M/ [m/`iB+ T`Q;`Kb- #2+mb2 i?2v bm{+B2MiHv +Tim`2 K`F2i TQr2`
bT2+ib M/ `2 H2bb +QKTH2t i?M 2[mBHB#`BmK T`Q#H2KbBM KMv +b2bX 1[mBHB#`BmK
T`Q#H2Kb ?p2 i?2 /pMi;2 i?i i?2v +M KQ/2H K`F2i TQr2` b Bi Bb /2b+`B#2/
BM KB+`Q2+QMQKB+b- bm+? b *Qm`MQi +QKT2iBiBQMX h?2v HbQ 2M#H2  T`+iB+H rv
iQ KQ/2H /Bz2`2Mi K`F2i TQr2` +QM};m`iBQMb #2ir22M T2`72+i +QKT2iBiBQM M/
Rd
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
*Qm`MQi +QKT2iBiBQM U*?vQM; M/ >Q##b- kyRRVX q2 i?2`27Q`2 QMHv /Bb+mbb K`F2i
TQr2` BM 2[mBHB#`BmK T`Q#H2Kb BM i?2 `2bi Q7 i?Bb b2+iBQMX
++Q`/BM; iQ /2 >`Q 2i HX UkyydV- +QKKQMHv mb2/ TT`Q+?2b iQ BM+Hm/2 K`F2i
TQr2` BM 2[mHB#`BmK KQ/2Hb `2,
Ç amTTHv 7mM+iBQM 2[mBHB#`BmK Ua61- 2X;X M/2`bQM M/ sm Ukyy8VV
Ç *Qm`MQi@#b2/ Q` ai+F2H#2`;@#b2/ 2[mBHB#`BmK U2X;X >Q##b UkyyRVV
Ç *QMD2+im`H p`BiBQMb@#b2/ 2[mBHB#`BmK9 U*o1V
qBHH2Kb 2i HX UkyyNV +QKT`2b *Qm`MQi M/ a61- M/ bm;;2bib i?i *Qm`MQi-
M/ i?2`27Q`2 HbQ *o1 KQ/2Hb `2 #2ii2` }i 7Q` b?Q`i@i2`K MHvbBb- bBM+2 Bi Bb
2bB2` iQ BM+Hm/2 M2irQ`F M/ ;2M2`iBQM +QMbi`BMibX *Qm`MQi KQ/2Hb `2 QM i?2
Qi?2` ?M/ ?B;?Hv b2MbBiBp2 iQ i?2 /2KM/ 2HbiB+Biv- #mi mbBM;  +QMi`+i 7+iQ` 7Q`
i?2 KQmMi Q7 2H2+i`B+Biv bQH/ BM i?2 7Q`r`/ K`F2i +M KF2 i?2 Qmi+QK2 KQ`2
`2HBbiB+X a61 /Q2b MQi ?p2 i?Bb T`Q#H2K- #mi `2 +QM}M2/ iQ bKHH T`Q#H2Kb U
72r MQ/2bV- b Bi Bb /B{+mHi iQ +H+mHi2 M 2[mBHB#`BmK- M/ i?2`2 Kv MQi 2p2M
2tBbi QM2 U"2``v 2i HX- RNNNVX a61 M22/b 2+? }`KǶb QTiBKH bmTTHv 7mM+iBQM
7Q`  ;QQ/ iQ #2 Ki+?2/ iQ i?2 ;;`2;i2/ bmTTHv M/ /2KM/ 7mM+iBQMbX Ai Bb
+QKTmiiBQMHHv +QKTH2t- M/ i?2`27Q`2 MQi 2{+B2Mi BM KQbi +b2b M/ rBHH MQi #2
7m`i?2` /Bb+mbb2/X h?2 *o1 #b2/ 2[mBHB#`BmK BM+Hm/2b i?2 *Qm`MQi KQ/2H M/ Bb
/Bb+mbb2/ BM i?2 M2ti b2+iBQMX
kX9Xk *QMD2+im`H o`BiBQMb TT`Q+?
h?2 i2`K +QMD2+im`H p`BiBQMb `272`b iQ i?2 bbmKTiBQM  }`K KF2b #Qmi i?2 `2@
+iBQM Q7 Qi?2` }`Kb iQ Bib QrM /2+BbBQM U6B;mBĕ`2b 2i HX- kyy9VX *Qm`MQi- "2`i`M/
M/ ai+F2H#2`; KQ/2Hb +M #2 BMi2`T`2i2/ b +QMD2+im`H p`BiBQMb KQ/2Hb U*`H@
iQM M/ S2`HQz- kyy8VX AM i?2 *Qm`MQi KQ/2H-  }`K bbmK2b i?i i?2 Qi?2` }`Kb
rBHH MQi #2 z2+i2/ #v Bib QrM QmiTmi /2+BbBQMX
AM 1;;BM; 2i HX UkyRyV  KBt2/ +QMD2+im`H p`BiBQM TT`Q+? Bb TTHB2/X 
bBKBH` +QM+2Ti Bb HbQ T`2b2Mi2/ BM *`HiQM M/ S2`HQz Ukyy8VX  K`F2i TQr2`
7+iQ` MPp = d
∑
p salesp
dsalesp
- i?2 +?M;2 BM iQiH bH2b r?2M T`Q/m+2` p +?M;2b ?Bb
bH2b- Bb BMi`Q/m+2/ iQ #2 #H2 iQ /Dmbi i?2 K`F2i TQr2`X h?Bb K2i?Q/ Bb /2/m+2/
BM i?2 BHHmbi`iBp2 2tKTH2 BM a2+iBQM kX9XjX LQi2 i?i pHm2b #2ir22M QM2 M/ x2`Q
`2  ?2m`BbiB+ rv Q7 /2HBM; rBi? K`F2i TQr2`- r?2`2 i?2 2ti2Mi Q7 K`F2i TQr2`
HB2b #2ir22M T2`72+i +QKT2iBiBQM M/ *Qm`MQi +QKT2iBiBQM U1;;BM; 2i HX- kyRyVX
6B`Kb +M HbQ ?p2 /Bz2`2Mi H2p2Hb Q7 K`F2i TQr2`- +HH2/ ?v#`B/ K`F2ib U1;;BM;
2i HX- kyRyVX P7i2M bQK2 T`Q/m+2`b `2 /QKBMMi- r?BH2  +QKT2iBiBp2 7`BM;2 +ib
b T`B+2 iF2`bX
:`+ő@H+H/2 UkyykV T`QTQb2b MQi?2` +QMD2+im`H p`BiBQMb TT`Q+?- r?B+?
Bb 7m`i?2` /2p2HQT2/ #v /2 >`Q 2i HX UkyydVX  }`K Kmbi +QMbB/2` i?2 +QKT2iBiQ`b
9*QMD2+im`H o`BiBQMb TT`Q+? Bb HbQ FMQrM b *Qm`MQi +QMD2+im`2 TT`Q+?- +QMD2+im`H
bmTTHv 7mM+iBQM TT`Q+?- +QMD2+im`H /2KM/ 2HbiB+Biv TT`Q+? M/ T`B+2 `2bTQMb2 TT`Q+?X
6Q` KQ`2 /2iBHb QM i?2 /Bz2`2M+2b TH2b2 b22 .őx 2i HX UkyRyV i?i +QM+Hm/2 i?i i?2 K2i?Q/b
`2 2[mBpH2Mi
R3
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
`2+iBQMb r?2M /2+B/BM; i?2 T`Q/m+iBQM- ;Bp2M #v i?2 +QKT2iBiQ`bǶ BM/BpB/mH bmTTHv
M/ `2bB/mH /2KM/ +m`p2b 7Q`  ;QQ/X 1+? }`KǶb K`;BMH `2p2Mm2 /2T2M/b QM
i?2 }`KǶb /2KM/ 2HbiB+Biv8- M/ +?M;BM; i?2 2HbiB+Biv `2bmHib BM /Bz2`2Mi H2p2Hb
Q7 K`F2i TQr2`X  K2i?Q/ iQ 2biBKi2 i?2 2HbiB+Biv #b2/ QM i?2 K`;BMH +Qbi Bb
T`QTQb2/X /2 >`Q 2i HX UkyydV T`QpB/2b M 2p2M KQ`2 /pM+2/ K2i?Q/- /pM+2/
BKTHB+Bi 2biBKiBQM- r?2`2 i?2 }`KbǶ 2HbiB+BiB2b `2 7QmM/ Bi2`iBp2Hv #v +QKT`BM;
i?2 KQ/2H iQ `2H /iX h?2 K2i?Q/ b22Kb iQ ;Bp2 ;QQ/ `2bmHib TTHB2/ QM `2H
/iX
"Qi? K2i?Q/b BM+`2b2 i?2 /Bz2`2M+2 #2ir22M T`Q/m+2` pǶb K`;BMH `2p2Mm2
UMRpV M/ i?2 T`B+2- b b22M BM 2[miBQM UkXR9V M/ UkXR8VX P Bb i?2 T`B+2- Ep
UM2;iBp2V Bb i?2 /2KM/ 2HbiB+Biv M/ salesp Bb i?2 T`Q/m+2`Ƕb bH2bX AM i?2 2[mB@
HB#`BmK- i?2 K`;BMH `2p2Mm2 2[mHb i?2 K`;BMH +Qbi- M/ i?2 T`B+2 Bb i?2`27Q`2
?B;?2` i?M i?2 K`;BMH +QbiX
J`;BMH `2p2Mm2 rBi? /2KM/ 2HbiB+Biv
MRp = P (1 +
1
Ep
) ≤ P UkXR9V
J`;BMH `2p2Mm2 rBi?  K`F2i TQr2` 7+iQ`
MRp = P +
dP
d
∑
p salesp
×MPp × salesp ≤ P UkXR8V
hQ +Qp2` HH bT2+ib Q7 K`F2i TQr2` Bb  /B{+mHi ibFX h?mb HH K2i?Q/b i`vBM;
iQ `2T`2b2Mi K`F2i TQr2` ?b r2FM2bb2bX Sm`2 *Qm`MQi 2[mBHB#`BmK KQ/2Hb `2
+`BiB+Bx2/ iQ #`2Hv T`QpB/2 +`2/B#H2 T`B+2b U:`+ő@H+H/2- kyykV- #2BM; iQQ ?B;?
+QKT`2/ iQ i?2 `2H K`F2iX AM ?v#`B/ K`F2ib i?2`2 `2 HbQ 2tKTH2b r?2`2
*Qm`MQi THv2`b `2 #2ii2` Qz b T`B+2 iF2`b UlHT? M/ 6QHB2- RN3yVX *Qm`MQi
THv2`b bbmK2 i?2 +QKT2iBiBp2 7`BM;2 F22Tb i?2B` T`Q/m+iBQM mM+?M;2/ M/ i`v
iQ HBKBi i?2 T`Q/m+iBQM iQ BM+`2b2 i?2 T`B+2X lHT? M/ 6QHB2 URN3yV b?Qr i?i 
T`Q#H2K `Bb2b r?2M i?2 7`BM;2 BbMǶi K22iBM; i?2 *Qm`MQi THv2`b +QMD2+im`2 M/
bi`i iQ T`Q/m+2 KQ`2X
aK22`b Ukyy3V +HBKb i?i +QMD2+im`H p`BiBQMb ?b MQ 7QmM/iBQM BM 2+Q@
MQKB+b- i?i Bi Bb Dmbi  +QKTmiiBQMH i`B+F iQ +HB#`i2 i?2 KQ/2HX 6`QK M
2+QMQKB+ T2`bT2+iBp2- i?2 +QMD2+im`2- bm+? b i?2 JS 7+iQ`- b?QmH/ `2T`2b2Mi 
}`KǶb #2HB27 `2;`/BM; ?Qr Bib +QKT2iBiQ`b rBHH `2+i B7 Bi +?M;2b Bib QmiTmiX GBM/?
URNNkV MQi2b i?i i?Bb Bb MQi `2HHv i?2 +b2 BM T`+iB+2- #mi i?i i?2 +QMD2+im`H
p`BiBQM +M #2 BMi2`T`2i2/ b  K2bm`2 Q7 i?2 /2pBiBQM ;BMbi *Qm`MQi- Q`
2tT2+iiBQM Q7 /vMKB+ 2z2+ib i?i `2 MQi KQ/2H2/X h?2 +?QB+2 Q7 K`F2i TQr2`
`2T`2b2MiiBQM Bb i?2`27Q`2  i`/2@Qz #2ir22M  KQ/2H rBi? +QKTH2i2 2+QMQKB+H
7QmM/iBQM M/  KQ/2H rBi? +`2/B#H2 `2bmHib #v mbBM; +QMD2+im`H p`BiBQMb iQ
+HB#`i2 i?2 KQ/2HX 6Q` KQ`2 /2iBHb #Qmi +QMD2+im`H p`BiBQMb b22 6B;mBĕ`2b
2i HX Ukyy9V
8MRp = P (1 + 1Ep )- Ep ≈
P
MC−P - MRp Bb i?2 K`;BMH `2p2Mm2- p Bb T`Q/m+2`- P Bb T`B+2-
Ep Bb i?2 T`Q/m+2`Ƕb /2KM/ 2HbiB+Biv Umb2`@bmTTHB2/ T`K2i2`V M/ J* Bb i?2 K`;BMH +Qbi Q7
i?2 KQbi 2tT2MbBp2 ;2M2`iBQM i2+?MQHQ;v T`Q/m+BM;X
RN
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
kX9Xj AHHmbi`iBp2 1tKTH2 Q7 *QMD2+im`H o`BiBQMb TT`Q+?
hQ BHHmbi`i2 ?Qr K`F2i TQr2` Bb BKTH2K2Mi2/ BM i?2 KQ/2H r2 HQQF i i?2 irQ
+b2b- }`bi  T`B+2 iF2` M/ i?2M  THv2` 2tTHQBiBM; ?Bb K`F2i TQr2`X q2 mb2 i?2
2tKTH2 BM a2+iBQM kXjXj b  bi`iBM; TQBMiX P (xT ) Bb T`B+2- MC Bb K`;BMH +Qbi-
xp Bb bH2b 7Q` T`Q/m+2` p- M/ INT M/ SLP /2}M2 i?2 BMi2`+2TiBQM M/ bHQT2 Q7
i?2 BMp2`b2 /2KM/ +m`p2X AM +QMi`bi iQ i?2 *Qm`MQi +QKT2iBiBQM 2tKTH2 i?2`2
`2 Qi?2` THv2`b BM i?Bb K`F2iX 1[miBQM kX9 M/ kX8 `2 +QK#BM2/ iQ 7Q`K i?2
T`Q}i KtBKBxiBQM 2[miBQM,
dpip
dxp
=
dP
dxT
× dxT
dxp
× xp + P (xT )−MC = 0 UkXReV
A7 T`Q/m+2` QM2 Bb  T`B+2 iF2` ?2 +MǶi BM~m2M+2 i?2 T`B+2- dP (xT )dx1 = 0- r?B+?K2Mb i?i i?2 T`B+2 2[mHb K`;BMH +QbiX
P = INT − SLP × xT = MC UkXRdV
A7 T`Q/m+2` QM2 2t2`ib K`F2i TQr2`- dP (xT )dx1 ,= 0X q2 BMi`Q/m+2 i?2MPp 7+iQ`7Q` 2+? T`Q/m+2` p- M/ /2}M2b Bi b i?2 T`iBH /2`BpiBp2 Q7 i?2 iQiH bH2b rBi?
`2bT2+i iQ i?2 T`Q/m+2`Ƕb QrM bH2b U1;;BM; 2i HX- kyRyVX h?2MPp 7+iQ` /2b+`B#2b
?Qr Km+? i?2 iQiH bH2b BM+`2b2 B7 i?2 THv2`Ƕb bH2b Bb BM+`2bBM;X 6Q`  *Qm`MQi
THv2` MPp = 1- #2+mb2  *Qm`MQi THv2` bbmK2b i?2 T`Q/m+iBQM Q7 i?2 Qi?2`
THv2`b `2 }t2/ r?2M /2+B/BM; i?2 T`Q/m+iBQMX
MPp =
d
∑
p xp
dxp
UkXR3V
h?Bb ;Bp2b mb
dP
dx1
=
dP
dxT
× dxT
dx1
= −SLP ×MP1 UkXRNV
dpi1
dx1
= −SLP ×MP1 × x1 + P (xT )−MC = 0 UkXkyV
dpi1
dx1
= −SLP ×MP1 × x1 + (INT − SLP × xT )−MC = 0 UkXkRV
SHv2` QM2Ƕb #2bi `2bTQMb2 7mM+iBQM
x1 =
INT −MC
SLP × (MP1 + 1) −
xT − x1
MP1 + 1
UkXkkV
S`Q/m+2` QM2 mb2b i?Bb 2[miBQM iQ }M/ ?Bb QTiBKH T`B+2 M/ T`Q/m+iBQM QmiTmiX
A7 THv2` p Bb  *Qm`MQi THv2` i?2M MPp = 1- M/ B7 i?2 THv2` Bb  T`B+2 iF2`
i?2M MPp = 0X h?2 T`Q/m+2`b #2bi `2bTQMb2 7mM+iBQM BM i?2 *Qm`MQi 2tKTH2
U2[miBQM kX3V +M 2bBHv #2 Q#iBM2/ 7`QK 2[miBQM kXkk #v b2iiBM; MP1 = 1X A7
MPp Bb #2ir22M y M/ R- i?2M i?2 THv2` ?b bQK2 /2;`22 Q7 K`F2i TQr2`X h#H2
ky
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
kXj QmiHBM2b i?2 /Bz2`2Mi +?QB+2b 7Q` i?2 K`F2i TQr2` T`K2i2`X AM bT2+BH +b2b-
i?2 K`F2i TQr2` 7+iQ` +M HbQ #2 ;`2i2` i?M R U*`HiQM M/ S2`HQz- kyy8VX
A7 irQ }`Kb `2 +QHHm/BM;- i?2 }`K 2tT2+ib i?i i?2 iQiH QmiTmi rBHH +?M;2 rBi?
KQ`2 i?M QM2 mMBi r?2M ?2 +?M;2b ?Bb T`Q/m+iBQMX A7 i?2`2 `2 QMHv irQ }`Kb
b2HHBM; BM i?2 K`F2i- M/ MPp = 2 i?2v rBHH T`Q/m+2 i?2 +`i2H QmiTmiX
JS 7+iQ` 1+QMQKB+H BMi2`T`2iiBQM *QKK2Mi
MP = 0 S2`72+i +QKT2iBiBQM *QmH/ KQ/2H rBi? QM2 ;2Mi
0 < MP < 1 LQ /B`2+i BMi2`T`2iiBQM 1M#H2b +HB#`iBQM Q7 i?2 KQ/2H
MP = 1 *Qm`MQi +QKT2iBiBQM P7i2M #`2Hv +`2/B#H2 T`B+2b
h#H2 kXj, AMi2`T`2iiBQM Q7 p`BQmb JS 7+iQ`b
kR
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
kX8 aiQ+?biB+ S`Q;`KKBM;
aiQ+?biB+ T`Q;`KKBM; Bb #Qmi KFBM; /2+BbBQMb mM/2` mM+2`iBMiv U"B`;2 M/
GQmp2mt- RNNdV- M/ rb }`bi BMi`Q/m+2/ BM .MixB; URN88VX 6Q`  /2iBH2/ T`2@
b2MiiBQM Q7 biQ+?biB+ T`Q;`KKBM; r2 `272` iQ _mbx+xvƖbFB M/ a?TB`Q UkyyjV
M/ EHH M/ Jv2` UkyRyVX
h?2 BK Q7 biQ+?biB+ T`Q;`KKBM; Bb iQ }M/ QTiBKH /2+BbBQMb ;Bp2M mM+2`iBM
BM7Q`KiBQMX aiQ+?biB+ K2Mb i?i bQK2 T`K2i2`b `2 mM+2`iBM M/ T`Q;`K@
KBM; `272`b iQ i?2 7+i i?i p`BQmb T`ib Q7 i?2 T`Q#H2K +M #2 KQ/2H2/ b HBM2` Q`
MQMHBM2` T`Q;`KbX hvTB+HHv vQm 7+2 mM+2`iBM T`K2i2`b- bm+? b rBM/ TQr2`
T`Q/m+iBQM Q` /2KM/- i?i +M #2 `2bQM#Hv /2b+`B#2/ #v biQ+?biB+ T`Q+2bb2b
BM /Bb+`2i2 iBK2X q?2M iBK2 Tbb2b- BM7Q`KiBQM #Qmi i?2 mM+2`iBM T`K2i2`b
`2 `2p2H2/X .2+BbBQMb `2 Hrvb K/2 #b2/ QM i?2 BM7Q`KiBQM pBH#H2 i i?2
iBK2 M/ QM T`Q##BHBbiB+ BM7Q`KiBQM #Qmi i?2 7mim`2 U1B+??Q`M 2i HX- kyRyVX
h?2 KQbi #bB+ 7Q`K Bb i?2 irQ@bi;2 `2+Qm`b2 T`Q#H2K- r?2`2 vQm }`bi iF2 M
BMBiBH /2+BbBQM i?i Bb #2bi +QMbB/2`BM; i?2 T`Q##BHBiB2b Q7 i?2 7mim`2 Qmi+QK2b-
#27Q`2 vQm `2 #H2 iQ iF2  `2+Qm`b2 /2+BbBQM r?2M i?2 BM7Q`KiBQM Bb `2p2H2/
BM i?2 b2+QM/ iBK2 T2`BQ/X h?2 ;2M2`H 7Q`K Bb i?2 KmHiB@bi;2 `2+Qm`b2 T`Q#H2K-
r?2`2 i?2 BM7Q`KiBQM Bb `2p2H2/ BM b2p2`H bi;2bX >B;H2 Ukyy8V T`QpB/2b  ;QQ/
BMi`Q/m+iBQM i?i Bb mb2/ b i?2 #bBb 7Q` i?2 M2ti b2+iBQMbX
kX8XR a+2M`BQ h`22b
h?2 irQ@ M/ KmHiB@bi;2 T`Q#H2Kb +M #2 /2b+`B#2/ #v  b+2M`BQ i`22- Q` 2p2Mi
i`22X h?2 i`22 Bb  /Bb+`2i2 /2b+`BTiBQM Q7 i?2 biQ+?biB+ rQ`H/- r?B+? Q7i2M Bb M
TT`QtBKiBQM Q7 i?2 `2H rQ`H/- bBM+2 Bi Bb MQi TQbbB#H2 iQ `2T`2b2Mi i?2 BM}MBi2
TQbbB#BHBiB2b Q7 Mim`2X M 2tKTH2 Q7  i`22 Bb BHHmbi`i2/ BM 6B;m`2 kX9X
h?2 bi`m+im`2 BM  b+2M`BQ i`22 Bb #b2/ QM bi;2b- r?2`2 M2r BM7Q`KiBQM Bb
`2p2H2/ BM 2+? bi;2X  bi;2 Kv #2 +QKT`Bb2/ Q7 QM2 Q` KQ`2 iBK2 T2`BQ/b- bQ
i?i i?2 mM+2`iBM T`K2i2`b +M #2 `2p2H2/ 7Q` b2p2`H iBK2 T2`BQ/b i QM+2X AM
6B;m`2 kX9 i?2 b+2M`BQ i`22 #`M+?2b BM 2+? b2+QM/ iBK2 T2`BQ/- M/ 2+? bi;2 Bb
i?2`27Q`2 irQ iBK2 T2`BQ/bX M 2tKTH2 rQmH/ #2 i?i vQm H2`M ?Qr Km+? rBM/
TQr2` i?i rBHH #2 T`Q/m+2/ BM i?2 M2ti irQ ?Qm`b- M/ i?2 /2+BbBQM rQmH/ #2
iQ /2+B/2 QM i?2 ?v/`Q T`Q/m+iBQM iQ K22i i?2 /2KM/X AM 2+? #`M+?BM; TQBMi
i?2 T`Q##BHBiv 7Q` 2+? #`M+? Bb /2}M2/X PMHv BM i?2 #2;BMMBM; Q7 2+? bi;2 
/2+BbBQM Bb K/2 #Qmi i?2 T`Q/m+iBQM QmiTmi UqHH+2- kyykVX A7 i?2`2 `2 KMv
iBK2 T2`BQ/b BM 2+? bi;2- i?2 /2+BbBQMb 7Q` HH i?2 iBK2 T2`BQ/b BM i?2 bi;2 `2
/2+B/2/ bBKmHiM2QmbHvX
h?2 MQ/2b BM i?2 b+2M`BQ i`22 `2 HbQ +HH2/ 2p2Mi MQ/2b- M/ i2+?MB+HHv i?2`2
rQmH/ #2 QM2 2p2Mi MQ/2 T2` bi;2 b i?2`2 Bb QMHv QM2 BM7Q`KiBQM 2p2Mi T2` bi;2X
"mi- Bi Bb 2bB2` iQ ;`bT i?2 mM/2`HvBM; iBK2 bi`m+im`2 r?2M 2+? MQ/2 `2T`2b2Mib
 iBK2 T2`BQ/- bBM+2 i?2 H2M;i? Q7  bi;2 +M p`vX HH i?2 MQ/2b- 2t+2Ti i?2
H27 MQ/2b- `2 +QMM2+i2/ iQ QM2 Q` KQ`2 +?BH/ MQ/2b M/ QM2 T`2Mi MQ/2- M/
2+? Ti? i?`Qm;? i?2 b+2M`BQ i`22 /2}M2b QM2 b+2M`BQX h?2b2 +QM+2Tib +M #2
mb2/ iQ /2b+`B#2 i?2 b+2M`BQ i`22- 2Bi?2` /B`2+iHv Q` i?`Qm;? i?2 MQM@MiB+BTiBpBiv
7Q`KmHiBQMX b r2ǶHH b22 Hi2` BM a2+iBQM kXd- i?2 MQM@MiB+BTiBpBiv 7Q`KmHiBQM
kk
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
6B;m`2 kX9, a+2M`BQ i`22 rBi? i?`22 bi;2b- /2+BbBQMb `2 K/2 BM MQ/2b K`F2/ .X
2M#H2b  bT2+BH T`Q#H2K bi`m+im`2 r?B+? +M #2 /2+QKTQb2/ #v b+2M`BQbX
kX8Xk a+2M`BQ h`22 6Q`KmHiBQM
h?2 b+2M`BQ i`22 7Q`KmHiBQM 2tTHB+BiHv `2T`2b2Mib i?2 BM7Q`KiBQM T`Q+2bb b /2@
b+`B#2/ #Qp2X h?2 KQ/2H +M #2 7Q`KmHi2/ mbBM; i?2 T`2Mi@+?BH/ +QMM2+iBQMb
#2ir22M i?2 MQ/2b- r?B+? b2T`i2 i?2 KQ/2H BMiQ i?2 iBK2 bi`m+im`2- M/ i?2 T`Q#@
#BHBiv Q7 2+? MQ/2 BM i?2 bi;2X 1+? T`2Mi MQ/2 +M ?p2 QM2 Q` KQ`2 +?BH/
MQ/2b M/ i?2 T`Q##BHBiB2b +M /Bz2` #2ir22M i?2 MQ/2bX h?Bb +M #2 2tTHQBi2/ iQ
KF2 Mv b+2M`BQ i`22 bi`m+im`2X
kX8Xj LQM@MiB+BTiBpBiv 6Q`KmHiBQM
h?2 Hi2`MiBp2 7Q`KmHiBQM K2i?Q/- i?2 MQM@MiB+BTiBpBiv 7Q`KmHiBQM BM+Hm/2b
QM2 7Q`KmHi2/ T`Q#H2K 7Q` HH TQbbB#H2 b+2M`BQbX h?2 i`22 Bb ~ii2M2/ bQ i?i
2+? b+2M`BQ ?b Bib QrM b2T`i2 p`B#H2b BM 2+? bi;2X LQ/2b i?i ?p2 i?2
bK2 T`2Mi BM i?2 b+2M`BQ i`22 `2 +HH2/ bB#HBM; MQ/2bX LQM@MiB+BTiBpBiv +QM@
bi`BMib `2 i?2M //2/ iQ i?2 T`Q#H2K iQ 2Mbm`2 i?i i?2 bi`m+im`2 M/ BM7Q`KiBQM
T`Q+2bb2b `2 +Q``2+iX h?2 MQM@MiB+BTiBpBiv +QMbi`BMib 2Mbm`2 i?i i?2 /2+BbBQMb
BM HH bB#HBM; MQ/2b `2 2[mHX
6Q` 2+? b+2M`BQ s ∈ S- H2i Cs `2T`2b2Mi i?2 Q#D2+iBp2 7mM+iBQM +Q2{+B2Mib 7Q`
2+? b+2M`BQ- M/ H2i Xs /2MQi2 i?2 72bB#H2 b2i 7Q` 2+? sX h?2 T`Q##BHBiv 7Q`
2+? b+2M`BQ Bb PROBsX Bn Bb i?2 b2i Q7 bB#HBM; MQ/2b i?i +Q``2bTQM/ iQ i?2 MQ/2
kj
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
6B;m`2 kX8, LQM@MiB+BTiBpBiv 7Q`KmHiBQMX HH Ti?b i?`Qm;? i?2 b+2M`BQ i`22 `2
2tTHB+BiX h?2 2HHBTbQB/b `2T`2b2Mi i?2 MQM@MiB+BTiBpBiv +QMbi`BMibX
BM i?2 b+2M`BQ i`22X xFIRSTn Bb /2}M2/ b i?2 }`bi b+2M`BQ BM i?2 b+2M`BQ i`22
MQ/2X  KmHiB@bi;2 T`Q#H2K +QmH/ #2 7Q`KmHi2/ b,
JBM
∑
s
PROBs × Cs × xs
bXi xs ∈ Xs ∀s ∈ S
xFIRSTn − xn = 0 ∀s ∈ Bn, n ∈ N
h?2 Hbi +QMbi`BMi Bb i?2 MQM@MiB+BTiBpBiv +QMbi`BMiX h?Bb +QMbi`BMi +M HbQ
#2 KQ/2H2/ BM Qi?2` 2[mBpH2Mi rvb- bm+? b +QKT`BM; x1 iQ x2- x2 iQ x3 2i+X AM
 KmHiB@bi;2 T`Q#H2K- i?2`2 rBHH #2 QM2 b2i Q7 MQM@MiB+BTiBpBiv +QMbi`BMib T2`
bB#HBM; ;`QmT UBnVX
kX8X9 a+2M`BQ _2/m+iBQM
hQ #2 #H2 iQ bQHp2  biQ+?biB+ KQ/2H BM  `2bQM#H2 iBK2- Bi Bb Q7i2M M2+2bb`v iQ
`2/m+2 i?2 MmK#2` Q7 b+2M`BQbX a2p2`H K2i?Q/b 2tBbi iQ `2/m+2 M BMBiBH b+2M`BQ
i`22 iQ  bKHH2`- r?BH2 T`2b2`pBM; i?2 mM/2`HvBM; T`Q##BHBiv bi`m+im`2X .mTÍQp
2i HX UkyyyV ;Bp2b M Qp2`pB2r M/ 1B+??Q`M 2i HX UkyRyV Bb QM2 BKTH2K2MiiBQM
i?i Bb i?2 #bBb 7Q` a*1L_1.k BM :JaX h?2 K2i?Q/ BM 1B+??Q`M 2i HX UkyRyV
mb2b i?2 T`Q##BHBiv K2i`B+ #b2/ TT`QtBKiBQMb T`BM+BTH2X h?2 B/2 Bb iQ `2KQp2
b+2M`BQb i?i `2 +HQb2 Q` ?p2 p2`v bKHH T`Q##BHBiB2bX h?2 K2i?Q/ +M HbQ
+QMbi`m+i  b+2M`BQ i`22 #b2/ QM  }MBi2 MmK#2` Q7 BM/BpB/mH b+2M`BQb i?i +M
k9
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
#2 #b2/ QM ?BbiQ`B+H /i- M/ i?2 QmiTmi Bb  mb#H2 b+2M`BQ i`22- b22 :#`B2H
2i HX UkyyNV b M 2tKTH2X
k8
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
kXe qBM/ 6Q`2+biBM;
h?2 iQTB+ Q7 rBM/ 7Q`2+biBM; ?b #2+QK2 KQ`2 BKTQ`iMi BM `2+2Mi v2`b /m2
iQ i?2 BM+`2b2/ rBM/ ;2M2`iBQM +T+BivX Lim`HHv rBM/ 7Q`2+biBM; K2i?Q/b
?p2 #2+QK2 M BKTQ`iMi }2H/ Q7 bim/v- rBi? :B2#2H 2i HX UkyRRV T`QpB/BM; 
+QKT`2?2MbBp2 Qp2`pB2r Q7 i?2 +m``2Mi /2p2HQTK2Mib BM b?Q`i i2`K rBM/ T`2/B+iBQMX
h?Bb +?Ti2` rBHH T`QpB/2  #`B27 Qp2`pB2r Q7 i?2 T`BM+BTH2b #2?BM/ rBM/ 7Q`2+biBM;-
M/ ?Qr i?2 7Q`2+bi 2``Q`b +M #2 mb2/ iQ /2p2HQT b+2M`BQ i`22b 7Q` i?2 7Q`2+biX
kXeXR J2i?Q/b
h?2 bBKTH2bi 7Q`2+biBM; K2i?Q/ Bb i?2 T2`bBbi2M+2 K2i?Q/- r?2`2 vQm bbmK2
i?i i?2 rBM/ bT22/ rBHH biv i i?2 +m``2Mi H2p2HX h?Bb K2i?Q/ Bb ivTB+HHv p2`v
++m`i2 7Q` 7Q`2+bi ?Q`BxQMbe mT iQ bBt ?Qm`bX 7i2` TT`QtBKi2Hv R8 ?Qm`b i?2
+HBKiQHQ;B+H K2M 7Q` i?2 `2H2pMi `2;BQM bi`ib iQ #2  #2ii2` T`2/B+iQ` UGM;2
M/ 6Q+F2M- kyyeVX LB2Hb2M 2i HX URNN3V +QK#BM2/ i?2b2 irQ 7Q`2+bi K2i?Q/b BMiQ
 M2r `272`2M+2 r?B+? Qi?2` 7Q`2+bi K2i?Q/b `2 +QKT`2/ iQX
LmK2`B+H q2i?2` S`2/B+iBQM ULqSV Bb  K2i?Q/ iQ 7Q`2+bi i?2 rBM/ bT22/
i?i mb2b i?2 T?vbB+H Hrb Q7 Mim`2X h?Bb Bb /QM2 #v 2ti`TQHiBM; 7`QK  FMQrM
bii2 Q7 i?2 iKQbT?2`2- M/ +H+mH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kXdX8 Pi?2` .2+QKTQbBiBQM h2+?MB[m2b
h?2`2 `2 HbQ Qi?2` /2+QKTQbBiBQM i2+?MB[m2bX qQ`i? K2MiBQMBM; Bb aBKTHB+BH
/2+QKTQbBiBQM- *Q#r2# /2+QKTQbBiBQM M/ S`iBiBQM#H2 /2+QKTQbBiBQM UÎ2H2#B-
kyRRVX
jR
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
6B;m`2 kXRR, _2HiBQMb?BT KQM; .q.- ". M/ G_X 6`QK GBK UkyRyV
kXdXe .MixB;@qQH72 .2+QKTQbBiBQM h2+?MB[m2b TTHB2/ QM
1[mBHB#`BmK S`Q#H2Kb
h?2`2 ?b #22M bQK2 `2b2`+? BMiQ /2+QKTQbBiBQM i2+?MB[m2b TTHB2/ iQ 2[mBHB#`BmK
T`Q#H2KbX .MixB;@qQH72 /2+QKTQbBiBQM rb 2KTHQv2/ #v *?mM; 2i HX UkyyeV 7Q` 
+Hbb Q7 2[mBHB#`BmK T`Q#H2Kb- M/ Hi2` 2tTM/2/ BM i?2 rQ`F Q7 6mHH2` M/ *?mM;
Ukyy8V iQ #2 TTHB+#H2 iQ ;2M2`H oA@T`Q#H2KbX :#`B2H M/ 6mHH2` UkyRyV 7m`i?2`
`2}M2/ i?2 H;Q`Bi?K iQ  "2M/2`b .2+QKTQbBiBQM H;Q`Bi?K- M/ TTHB2/ Bi QM 
biQ+?biB+ T`Q#H2KX G;`M;BM K2i?Q/b ?p2 #22M mb2/ #v KQM; Qi?2`b >2 2i HX
URNNNV- M/ mbH2M/2` M/ h2#QmHH2 UkyyyVX
h?2 MQM@MiB+BTiBpBiv +QMbi`BMib BM i?2 T`Q#H2K 7Q`KmHiBQM BM Qm` i?2bBb `2
r2HH bmBi2/ 7Q` .q.- bm+? i?i i?2 T`Q#H2K b2T`i2b BMiQ QM2 bm#T`Q#H2K T2`
b+2M`BQX h?2`27Q`2 r2 rBHH QMHv /2b+`B#2 .q. 7m`i?2`X
Pp2`pB2r
h?Bb b2+iBQM Bb #b2/ QM 6mHH2` M/ *?mM; Ukyy8V M/ /2b+`B#2b .q. TTHB2/ QM
p`BiBQMH BM2[mHBiB2bX h?2 p`BiBQMH BM2[mHBiv- V I(F,K)- rBi? KTTBM; F M/
72bB#H2 `2;BQM K- Bb bQHp2/ #v b2T`iBM; i?2 T`Q#H2K BMiQ  Kbi2` T`Q#H2K M/
b2p2`H bm#T`Q#H2KbX h?2 bK2 K2i?Q/ +M #2 TTHB2/ QM J*S T`Q#H2KbX AM
;2M2`H- i?2`2 +M #2 QM2 bm#T`Q#H2K T2` +QKKQ/Biv- +QmMi`v- b+2M`BQ Q` bBKBH`X
h?2 bm#T`Q#H2Kb `2 `2HtiBQMb Q7 V I(F,K)- r?2`2 i?2 +QKTHB+iBM; +QMbi`BMib
`2 `2KQp2/- r?BH2 i?2 Kbi2` T`Q#H2K bQHp2b  `2bi`B+i2/ p2`bBQM Q7 i?2 oAX h?2
Kbi2` T`Q#H2K Bb `2bi`B+i2/ iQ +QMp2t +QK#BMiBQMb Q7 i?2 T`QTQbHb 7`QK i?2
bm#T`Q#H2Kb M/ +QMiBMb i?2 +QKTHB+iBM; +QMbi`BMibX h?2 /mH p`B#H2b Q7 i?2
+QKTHB+iBM; +QMbi`BMib `2 Tbb2/ #+F iQ i?2 bm#T`Q#H2Kb BM 2+? Bi2`iBQMX
h?2 KTTBM; BM i?2 bm#T`Q#H2Kb Bb KQ/B}2/ iQ BM+Hm/2 i?2 /mH p`B#H2bX AM
2+? Bi2`iBQM i?2 bQHmiBQMb 7`QK i?2 bm#T`Q#H2Kb `2 //2/ iQ i?2 b2i Q7 bQHmiBQMb
r?B+? i?2 Kbi2` T`Q#H2K mb2b iQ +QMbi`m+i +QMp2t bQHmiBQMbX 6B;m`2 kXRk BHHmbi`i2b
i?2 `2HiBQMb?BT #2ir22M i?2 Kbi2` T`Q#H2K M/ bm#T`Q#H2KX h?2 H;Q`Bi?K Bb
`2T2i2/ Bi2`iBp2Hv mMiBH  biQTTBM; +`Bi2`BQM Bb biBb}2/X
h?2 Q`B;BMH V I(F,K) +QMbBbib Q7 i?2 KTTBM; F (z)- p`B#H2b z ∈ Rn- M/ i?2
jk
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
6B;m`2 kXRk, .q. QM M 1[mBHB#`BmK S`Q#H2K
72bB#H2 `2 K = {g(z) ≥ 0, h(z) ≥ 0}- r?2`2 g(z) `2 i?2 2bv +QMbi`BMib M/
h(z) i?2 +QKTHB+iBM; +QMbi`BMibX "Qi? 7mM+iBQMb `2 +QM+p2 M/ +QMiBMmQmbHv
/Bz2`2MiB#H2X h?2 oA Bb i?2M iQ }M/ z∗ ∈ K bm+? i?i,
F (z∗)(z − z∗)T ≥ 0- 7Q` HH z ∈ KX
h?2 K2i?Q/ iF2b /pMi;2 Q7 i?2 7+i i?i i?2 oA +M #2 2tT`2bb2/ BM i2`Kb
Q7 i?2 EEh@bvbi2K- b b22M BM a2+iBQM kXjXeX β Bb i?2M i?2 /mH p`B#H2b iQ h(z)X
am#T`Q#H2K
h?2 +QKTHB+iBM; +QMbi`BMib h(z) `2 `2KQp2/ BM i?2 bm#T`Q#H2K- bQ i?i i?2
`2/m+2/ 72bB#H2 `2 Bb K ′ = g(z) ≥ 0X h?2 KTTBM; F Bb KQ/B}2/ iQ iF2 BMiQ
++QmMi i?2 BM7Q`KiBQM 7`QK i?2 KQbi `2+2Mi Kbi2` T`Q#H2K bQHmiBQM- MK2Hv
i?2 /mH p`B#H2b βk−1 M/ i?2 ;`/B2Mib Q7 h(z) 2pHmi2/ i i?2 Kbi2` T`Q#H2K
bQHmiBQM zk−1m X h?2 bm#T`Q#H2K oA Bb i?2M,
Sub@V Ik(F −∇h(zk−1M βk−1,K ′)), }M/ zkS ∈ K ′ bm+? i?i
(F −∇h(zk−1M )βk−1)(z − zkS)T ≥ 0 7Q` HH z ∈ K ′
Jbi2` S`Q#H2K
h?2 Kbi2` T`Q#H2K }M/b  +QMp2t +QK#BMiBQM Q7 HH i?2 bm#T`Q#H2K T`QTQbHbX
Zk Bb i?2 b2i Q7 bm#T`Q#H2K T`QTQbHb [z1S . . . zkS ]- r?BH2 λ ∈ Rk+ Bb i?2 r2B;?i Q7 i?2
T`QTQbHbX h?2 Kbi2` T`Q#H2K p`B#H2 zkM +M i?2M #2 bii2/ BM i2`Kb Q7 λ b ZkλX
h?2 72bB#H2 `2;BQM Bb i?2`27Q`2 Λk = {h(Zkλ) ≥ 0, ekλT = 1}- r?2`2 ek ∈ Rk Bb i?2
mMBi p2+iQ`X h?2 KTTBM; F Bb KQ/B72/ iQ #2 BM i2`Kb Q7 λ- Hk(λ) = FT (Zkλ)ZkX
h?2 Kbi2` T`Q#H2K oA Bb i?2M,
Master@V Ik(Hk,Λk), }M/ λk ∈ Λk bm+? i?i
jj
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
HkT (λk)(λ− λk) ≥ 0 7Q` HH λk ∈ ΛkX
*QMp2`;2M+2 :T
h?2 H;Q`Bi?K M22/b  biQTTBM; +`Bi2`BQMX h?2 bm;;2bi2/ +QMp2`;2M+2 ;T BM 6mHH2`
M/ *?mM; Ukyy8V Bb,
CGk = (F (zkM )−∇hT (zkM )βk)T (zk+1s − zkM )
h?2 H;Q`Bi?K biQTb r?2M i?2 CG Bb bm{+B2MiHv bKHH U|CG| < $V h?2 +QMp2`@
;2M+2 ;T /Q2bMǶi M2+2bb`BHv TT`Q+? y KQMQiQMB+HHvX A7 V I(F,K) Bb  HBM2`
T`Q;`K- i?2 +QMp2`;2M+2 ;T 2[mHb i?2 /Bz2`2M+2 #2ir22M i?2 HQr2` #QmM/ M/
mTT2` #QmM/ T`QpB/2/ #v i?2 bm#T`Q#H2K M/ i?2 Kbi2` T`Q#H2KX 1Hb2- B7 i?2
T`Q;`K Bb MQi HBM2`- i?2 +QMp2`;2M+2 ;T +M #2 BMi2`T`2i2/ b i?2 +HQb2M2bb iQ
2[mBHB#`BmKX
H;Q`Bi?K
h?2 7QHHQrBM; H;Q`Bi?K Bb mb2/ iQ bQHp2 i?2 /2+QKTQb2/ T`Q#H2K,
Ç aQHp2 i?2 }`bi bm#T`Q#H2K
Ç aQHp2 i?2 }`bi Kbi2` T`Q#H2K
Ç a2i i?2 Bi2`iBQM +QmMi2` 4 R
Ç GQQT,
Ĝ aQHp2 bm#T`Q#H2K #b2/ QM /mHb 7`QK i?2 Hbi Kbi2` T`Q#H2K
Ĝ *H+mHi2 i?2 +QMp2`;2M+2 ;T- CG
Ĝ A7 |CG| > $, aQHp2 Kbi2` T`Q#H2K- BM+`2K2Mi Bi2`iBQM +QmMi2`
Ĝ 1Hb2 ahPS
62bB#BHBiv Q7 i?2 Jbi2` S`Q#H2K
Ai Kv #2 M2+2bb`v iQ BM+Hm/2 `iB}+BH p`B#H2b i?i 2Mbm`2 72bB#BHBiv Q7 i?2
+QKTHB+iBM; +QMbi`BMib- B7 i?2 bm#T`Q#H2K T`Q/m+2b T`QTQbHb i?i `2 BM72bB#H2
BM i?2 Kbi2` T`Q#H2KX AMbi2/ Q7 h(z) ≥ 0- i?2 Kbi2` T`Q#H2K ?b h(z) + a ≥ 0-
r?2`2 a ≥ 0X h?2 KTTBM; Bb m;K2Mi2/ iQ BM+Hm/2 +Qbib QM i?2 `iB}+BH p`B#H2b-
bQ i?2 `iB}+BH p`B#H2b rBHH #2 /`Bp2M Qmi Q7 i?2 T`Q#H2KX h?2 +Qbi Q7 i?2 `iB}+BH
p`B#H2b `2 /2i2`KBM2/ #v  T2MHiv 7+iQ`X Ai Bb 2bb2MiBH i?i i?2 T2MHiv 7+iQ`
Bb #B; 2MQm;?- #mi  iQQ ?B;? pHm2 rBHH `2bmHi BM b+HBM; M/ MmK2`B+H T`Q#H2Kb
U*?mM; M/ 6mHH2`- kyRyVX h?2 T2MHiv pHm2b `2 HbQ #QmM/b Q7 i?2 +QKTHB+iBM;
+QMbi`BMib /mH p`B#H2b U*?mM; M/ 6mHH2`- kyRyVX
j9
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
*QMp2`;2M+2 M/ lMB[m2M2bb Q7 i?2 aQHmiBQM
++Q`/BM; iQ 6mHH2` M/ *?mM; Ukyy8V i?2 H;Q`Bi?K rBHH +QMp2`;2 mM/2` i?2 7QH@
HQrBM; bbmKTiBQMbX
Ç K Bb #QmM/2/
Ç 1+? +QKTQM2Mi Q7 h(z) M/ g(z) Bb +QM+p2 M/ +QMiBMmQmbHv /Bz2`2MiB#H2
Ç F Bb +QMiBMmQmb
Ç am#T`Q#H2K M/ Kbi2` T`Q#H2K `2 72bB#H2 i 2+? Bi2`iBQM
Ç F biBb}2b T`QT2`iv 
S`QT2`iv  Bb biBb}2/ mM/2` 2Bi?2` Q7 i?2 7QHHQrBM; +QMbi`BMib,
Ç F (z) Bb bi`B+iHv KQMQiQM2
Ç F (z) = [G(q),∇c(x)]T - r?2`2 z = [q, x]T M/ G(q) Bb bi`B+iHv KQMQiQM2 M/
c(x) Bb  +QMp2t 7mM+iBQMX
A7 CGk ≥ 0- M/ T`QT2`iv  Bb biBb}2/ i?2M i?2 Kbi2` bQHmiBQM bQHp2b V I(F,K)X
h?2 bQHmiBQM iQ V I(F,K) Bb mMB[m2 B7 i?2 KTTBM; F Bb bi`B+iHv KQMQiQM2X A7 i?2
KTTBM; +M #2 /BpB/2/ BMiQ G(q) M/ c(x)- b BM T`QT2`iv - M/ G(q) Bb bi`B+iHv
KQMQiQM2- i?2 bQHmiBQM Bb mMB[m2 BM q M/ i?2 b+H` pHm2 c(x)X A7 //BiBQMHHv c(x)
Bb bi`B+iHv +QMp2t- i?2 bQHmiBQM Bb mMB[m2 BM #Qi? q M/ xX
j8
*?Ti2` kX "+F;`QmM/ AM7Q`KiBQM
je
*?Ti2` j
aiQ+?biB+ SQr2` J`F2i
JQ/2H
Pm` aiQ+?biB+ SQr2` J`F2i JQ/2H Bb T`2b2Mi2/ BM i?Bb +?Ti2`X h?2 Tm`TQb2 Q7
i?2 KQ/2H Bb iQ bim/v i?2 b?Q`i@i2`K BMi`@/v bTQi K`F2i BM LQ`i?2`M 1m`QT2-
M/ i?Bb b2ib i?2 b+QT2 7Q` r?i Bb BM+Hm/2/ BM i?2 KQ/2HX h?2 KQ/2H Bb /BpB/2/ BMiQ
i?`22 T`ibc 2+? T`Q/m+2`Ƕb T`Q}i KtBKBxiBQM T`Q#H2K- i?2 i`MbKBbbBQM bvbi2K
QT2`iQ`Ƕb UhaPV T`Q}i KtBKBxiBQM T`Q#H2K M/ i?2 K`F2i@+H2`BM; +QM/BiBQMb
i?i HBMF i?2 T`Q#H2Kb iQ;2i?2`X
1+? +QmMi`v Q` `2 Bb `2T`2b2Mi2/ rBi?  MQ/2 BM  M2irQ`FX AM 2+? MQ/2
i?2`2 +M #2 #Qi? +QMbmK2`b M/ T`Q/m+2`bX h?2 +QMbmK2`b `2 `2T`2b2Mi2/ #v 
HBM2` BMp2`b2 /2KM/ 7mM+iBQM BM 2+? MQ/2X h?2 T`Q/m+2`b ;2M2`i2 2H2+i`B+Biv
M/ +M b2HH 2H2+i`B+Biv BM i?2 MQ/2 7Q` i?2 K`F2i T`B+2 BM i?i MQ/2X h?2v Kv
HbQ b2HH i?2B` TQr2` BM Qi?2` MQ/2b- #mi i?2v Kmbi i?2M Tv  i`MbKBbbBQM 722 iQ
i?2 haPX h?2 K`F2i T`B+2 Bb /2i2`KBM2/ #b2/ QM pBH#H2 bmTTHv M/ /2KM/
BM 2+? MQ/2- b  TQr2` 2t+?M;2X h?2 T`Q/m+2`b +M ?p2 /Bz2`2Mi T`Q/m+iBQM
i2+?MQHQ;B2b- M/ i?2v +M ?p2 TmKT biQ`;2X
h?2 haP 2Mbm`2b i?i i?2 ~Qr QM 2+? TQr2` HBM2 /?2`2b iQ i?2 i`MbKBbbBQM
+T+BivX A7 i?2 TQr2` HBM2 Bb 7mHHv miBHBx2/ #v i?2 T`Q/m+2`b- i?2 haP `2+2Bp2b 
+QM;2biBQM `2MiX
 T`Q/m+2`Ƕb QTiBKBxiBQM T`Q#H2K /Q2b MQi QMHv /2T2M/ QM ?Bb QrM /2+BbBQM-
#mi HbQ QM i?2 Qi?2` T`Q/m+2`b M/ i?2 haPX  K`F2i +H2`BM; +QM/BiBQM QM i?2
HBM2 +T+Biv Bb mb2/ iQ HBMF i?2 T`Q#H2Kb iQ;2i?2`- #v +QK#BMBM; i?2 T`Q/m+2`bǶ
~Qr BMiQ QM2 +QKKQM ~Qr QM 2+? TQr2` HBM2X
jXR .2}MBiBQMb
h?Bb b2+iBQM +QMiBMb MQiiBQMb- b2ib- BM/B+2b- T`K2i2`b M/ p`B#H2b mb2/ BM i?2
KQ/2HX HH p`B#H2b `2 MQM@M2;iBp2 mMH2bb MQi2/ Qi?2`rBb2X
jd
*?Ti2` jX aiQ+?biB+ SQr2` J`F2i JQ/2H
jXRXR LQiiBQMb
h?2`2 `2  72r MQiiBQMb mb2/ iQ KF2 i?2 2[miBQMb KQ`2 `2/#H2X "Qi? BM/2t2b
M/ b2ib `2 /2}M2/ BM i?2 KQ/2HX h?2b2 `2 Ki+?2/ bm+? i?i iBK2 T2`BQ/ i
#2HQM;b iQ i?2 b2i Q7 iBK2 T2`BQ/b IX hQ bBKTHB7v i?2 MQiiBQM- i?2 b2ib `2 MQi
b?QrM 2tTHB+BiHv- b b22M BM 2[miBQM UjXRVX∑
i
salesn,p,i,s ≡
∑
i∈I
salesn,p,i,s UjXRV
1+? bmK bvK#QH +M HbQ bmK Qp2` KQ`2 i?M QM2 b2iX∑
n,p
qn,p,t,i,s ≡
∑
n
∑
p
qn,p,t,i,s UjXkV
j3
*?Ti2` jX aiQ+?biB+ SQr2` J`F2i JQ/2H
jXRXk a2ib- AM/B+2b- S`K2i2`b M/ o`B#H2b
6Q` +QMbBbi2M+v- HH T`K2i2`b M/ b2ib `2 BM +TBiH H2ii2`b- p`B#H2b M/ BM/B+2b
`2 BM HQr2` +b2- M/ /mH p`B#H2b `2 BM ;`22F H2ii2`bX
a2ib M/ AM/B+2b
I a2i Q7 iBK2 T2`BQ/b i
L a2i Q7 TQr2` HBM2b l
L+n a2i Q7 TQr2` HBM2b ;QBM; BMiQ n
L−n a2i Q7 TQr2` HBM2b ;QBM; Qmi Q7 n
N a2i Q7 MQ/2b n
P a2i Q7 T`Q/m+2`b p
S a2i Q7 b+2M`BQb s
T a2i Q7 ;2M2`iBQM i2+?MQHQ;B2b t
S`K2i2`b
AFCl a2+QM/ Q`/2` i2`K Q7 i?2 `2;mHi2/ 722 QM TQr2` HBM2 l
AMCn,p,t a2+QM/ Q`/2` i2`K Q7 K`;BMH ;2M2`iBQM +Qbi 7Q` T`Q/m+2` p BM
MQ/2 n 7Q` i2+?MQHQ;v t
AVn,t,i,s pBH#BHBiv 7+iQ` 7Q` MQ/2 n 7Q` i2+?MQHQ;v t BM iBK2 T2`BQ/ i 7Q`
b+2M`BQ s
FCl _2;mHi2/ 722 QM TQr2` HBM2 l
F IRSTs,i h?2 }`bi b+2M`BQ BM i?2 bK2 2p2Mi MQ/2 b b+2M`BQ s BM iBK2
T2`BQ/ i
GCAPn,p,t JtBKmK ;2M2`iBQM +T+Biv BM MQ/2 n 7Q` T`Q/m+2` p M/ i2+?@
MQHQ;v t
INTn,i AMi2`+2Ti Q7 i?2 BMp2`b2 /2KM/ +m`p2 BM MQ/2 n BM iBK2 T2`BQ/ i
LASTs,i h?2 Hbi b+2M`BQ BM i?2 bK2 2p2Mi MQ/2 b b+2M`BQ s BM iBK2
T2`BQ/ i
MCt 6B`bi Q`/2` i2`K Q7 i?2 K`;BMH ;2M2`iBQM +Qbi 7Q` i2+?MQHQ;v t
MPn,p J`F2i TQr2` BM MQ/2 n 7Q` T`Q/m+2` p
PROBs S`Q##BHBiv Q7 b+2M`BQ s
RCt _KTBM; +Qbi Q7 i2+?MQHQ;v t
RUt JtBKmK `KTBM; mT 7Q` i2+?MQHQ;v t #2ir22M irQ iBK2 T2`BQ/b
SLPn,i L2;iBp2 bHQT2 Q7 i?2 BMp2`b2 /2KM/ +m`p2 BM MQ/2 n BM iBK2
T2`BQ/ i
TCAPl JtBKmK i`MbKBbbBQM +T+Biv QM TQr2` HBM2 l
jN
*?Ti2` jX aiQ+?biB+ SQr2` J`F2i JQ/2H
S`BKH o`B#H2b
flowl,i,s U7`22V hQiH i`MbKBbbBQM ~Qr QM HBM2 l BM T2`BQ/ i M/ b+2M`BQ s
f+l,p,i,s L2;iBp2 i`MbKBbbBQM ~Qr QM HBM2 l #v T`Q/m+2` p BM iBK2 T2@
`BQ/ i M/ b+2M`BQ s
f−l,p,i,s SQbBiBp2 i`MbKBbbBQM ~Qr QM HBM2 l #v T`Q/m+2` p BM iBK2 T2`BQ/
i M/ b+2M`BQ s
pricen,i,s S`B+2 BM MQ/2 n BM iBK2 T2`BQ/ i M/ b+2M`BQ s
qn,p,t,i,s S`Q/m+iBQM BM MQ/2 n Q7 i2+?MQHQ;v t #v T`Q/m+2` p BM iBK2
T2`BQ/ i M/ b+2M`BQ s
qin,p,t,i,s AM+`2b2 BM T`Q/m+iBQM #2ir22M iBK2 T2`BQ/ i M/ i− 1 Q7 i2+?@
MQHQ;v t- T`Q/m+2` p BM MQ/2 n M/ b+2M`BQ s
qpn,p,i,s SQr2` biQ`2/ BM TmKT TQr2` THMib BM MQ/2 n- #v T`Q/m+2` p
BM iBK2 T2`BQ/ i M/ b+2M`BQ s
salesn,p,i,s KQmMi bQH/ BM MQ/2 n- #v T`Q/m+2` p BM iBK2 T2`BQ/ i M/
b+2M`BQ s
.mH o`B#H2b
αn,p,t,i,s .mH iQ i?2 T`Q/m+iBQM HBKBi +QMbi`BMi
βn,p,t,i,s .mH iQ i?2 `KTBM; +QMbi`BMi
δn,p,t,i,s U7`22V .mH iQ i?2 MQM@MiB+BTiBpBiv +QMbi`BMi
$+l,i,s .mH iQ i?2 iQiH TQbBiBp2 i`MbKBbbBQM +T+Biv +QMbi`BMi
$−l,i,s .mH iQ i?2 iQiH M2;iBp2 i`MbKBbbBQM +T+Biv +QMbi`BMi
γn,p,i,s U7`22V .mH iQ i?2 MQ/2 #HM+2 +QMbi`BMi
φn,p,t,i,s .mH iQ i?2 `KTBM; HBKBiiBQM +QMbi`BMi
ψn,p,i,s .mH iQ i?2 BMbiHH2/ TmKT TQr2` +QMbi`BMi
τl,i,s U7`22V .mH iQ i?2 K`F2i +H2`BM; +QM/BiBQMX h`MbKBbbBQM 722 QM
TQr2` HBM2 l BM T2`BQ/ i M/ b+2M`BQ s
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*?Ti2` jX aiQ+?biB+ SQr2` J`F2i JQ/2H
jXk S`Q/m+2`Ƕb PTiBKBxiBQM S`Q#H2K
jXkXR S`Q/m+2`Ƕb P#D2+iBp2 6mM+iBQM
h?2 Q#D2+iBp2 Q7 i?2 T`Q/m+2` Bb iQ KtBKBx2 ?Bb T`Q}i #v /2+B/BM; T`Q/m+iBQM q-
bH2b sales M/ TmKT biQ`;2 qp BM 2+? MQ/2- M/ ~Qrb fǬ QM 2+? TQr2` HBM2X
1[miBQM UjXjV `2T`2b2Mib HH i?2 +QKTQM2Mib Q7 i?2 T`Q}i 7Q` T`Q/m+2` pX
pip =
∑
s
PROBs × (aH2b `2p2Mm2p,s
+SmKT biQ`;2 `2p2Mm2p,s
−S`Q/m+iBQM +Qbip,s
−SmKT biQ`;2 +Qbip,s
−h`MbKBbbBQM +Qbip,s
−_KTBM; +Qbip,s)
UjXjV
h?2 bH2b `2p2Mm2 7Q` T`Q/m+2` p Bb i?2 ;;`2;i2/ bH2b BM HH MQ/2b M/ iBK2
T2`BQ/b iBK2b i?2 T`B+2 BM i?2 `2bT2+iBp2 MQ/2- T2`BQ/ M/ b+2M`BQX
aH2b `2p2Mm2p,s =
∑
n,i
(pricen,i,s × salesn,p,i,s) UjX9V
h?2 K`F2i T`B+2 Bb `2T`2b2Mi2/ #v  HBM2` BMp2`b2 /2KM/ +m`p2 7Q` 2+? MQ/2
n M/ iBK2 T2`BQ/ i- r?2`2 INTn,i M/ SLPn,i `2 i?2 BMi2`+2TiBQM M/ M2;iBp2
bHQT2 `2bT2+iBp2HvX h?2 M2i bH2b iQ +QMbmK2`b `2 2[mH iQ i?2 ;`Qbb bH2b BM i?2
MQ/2 H2bb i?2 KQmMi #Qm;?i #v TmKT biQ`;2- bBM+2 i?2 /2KM/ +m`p2 `2T`2b2Mib
i?2 /2KM/ Q7 `2;mH` +mbiQK2`bX
pricen,i,s = INTn,i − SLPn,i ×
∑
p
(salesn,p,i,s − qpn,p,i,s) UjX8V
h?2 TmKT biQ`;2 `2p2Mm2 Bb i?2 ri2` pHm2 Q7 ?v/`QTQr2` UMChydroV +Q`@
`2+i2/ 7Q` i?2 2{+B2M+v- EF - Q7 i?2 TmKT biQ`;2 THMi iBK2b i?2 biQ`2/ TQr2`
qpn,p,i,s- ;;`2;i2/ 7Q` HH MQ/2b n M/ iBK2 T2`BQ/b iX
SmKT biQ`;2 `2p2Mm2p,s =
∑
n,i
MChydro × EF × qpn,p,i,s UjXeV
h?2`2 `2 7Qm` +Qbi 2H2K2MibX h?2 T`Q/m+iBQM +Qbi 7Q` T`Q/m+2` p Bb i?2 [mMiBiv
;2M2`i2/ #v 2+? i2+?MQHQ;v t BM iBK2 T2`BQ/ i- b+2M`BQ s M/ MQ/2 n- qn,p,t,i,s
iBK2b i?2 K`;BMH +Qbi Q7 i?2 bT2+B}+ i2+?MQHQ;v- ;;`2;i2/ 7Q` HH MQ/2b i2+?MQHQ@
;B2b M/ iBK2 T2`BQ/bX  b2+QM/ /2;`22 i2`K- AMCn,p,t Bb BM+Hm/2/ 7Q`  bHB;?iHv
BM+`2bBM; K`;BMH +QbiX h?Bb KF2b i?2 7mM+iBQM bi`B+iHv +QMp2t- r?B+? rBHH KF2
i?2 T`Q/m+iBQM mMB[m2 BM i?2 QTiBKH bQHmiBQMX
S`Q/m+iBQM +Qbip,s =
∑
n,t,i
(MCt +AMCn,p,t × qn,p,t,i,s)× qn,p,t,i,s UjXdV
9R
*?Ti2` jX aiQ+?biB+ SQr2` J`F2i JQ/2H
h?2 TmKT biQ`;2 +Qbi Bb i?2 +Qbi iQ #mv i?2 2H2+i`B+Biv qp i?i Bb biQ`2/ BM 
iBK2 T2`BQ/X h?Bb Bb 2[mH iQ i?2 T`B+2 BM i?i MQ/2X
SmKT biQ`;2 +Qbip,s =
∑
n,i
pricen,i,s × qpn,p,i,s UjX3V
h?2 M2ti +Qbi 2H2K2Mi Bb i?2 i`MbKBbbBQM +QbiX h?2 i`MbKBbbBQM 722 τl,i,s Bb
TB/ 7Q` 2+? Jq? i`Mb72``2/ QM i?2 i`MbKBbbBQM HBM2 lX h?2 i`MbKBbbBQM 722
Bb /2}M2/ b i?2 +Qbi TB/ 7Q` i`MbTQ`iBM; TQr2` BM i?2 /2}M2/ TQbBiBp2 /B`2+iBQM
QM i?2 HBM2X f+l,p,i,s M/ f−l,p,i,s /2}M2 T`Q/m+2` pǶb TQbBiBp2 M/ M2;iBp2 ~Qr QM
TQr2` HBM2 l BM iBK2 T2`BQ/ i M/ b+2M`BQ sX  `2;mHi2/ 722 Q7 FCl M/ i?2 b2+QM/
Q`/2` i2`K AFCl Kv HbQ #2 BM+Hm/2/X h?2 b2+QM/ Q`/2` i2`K ?b MQ T?vbB+H
BMi2`T`2iiBQM- #mi +M #2 BM+Hm/2/ iQ ;2i mMB[m2 ~QrbX
h`MbKBbbBQM +Qbip,s =
∑
l,i
[(
τl,i,s + FCl +AFCl × f+l,p,i,s
)
× f+l,p,i,s
+
(
−τl,i,s + FCl +AFCl × f−l,p,i,s
)
× f−l,p,i,s
] UjXNV
h?2 Hbi +Qbi 2H2K2Mi Bb i?2 `KTBM; +QbiX A7 T`Q/m+2` p BM+`2b2b T`Q/m+iBQM BM
 MQ/2 rBi? i2+?MQHQ;v t ?2 BM+m`b  `KTBM; +Qbi RCt /2T2M/BM; QM i?2 i2+?MQHQ;v
tX h?2 `KTBM; p`B#H2 qin,p,t,i,s b?Qrb ?Qr Km+? i?2 T`Q/m+iBQM rBi? i2+?MQHQ;v
t BM MQ/2 n BM iBK2 T2`BQ/ i M/ b+2M`BQ s ?b BM+`2b2/ 7`QK i?2 T`2pBQmb iBK2
T2`BQ/X
_KTBM; +Qbip,s =
∑
n,t,i
(RCt × qin,p,t,i,s) UjXRyV
jXkXk LQ/2 "HM+2
1+? T`Q/m+2` ?b iQ KBMiBM  #HM+2 BM 2+? MQ/2 BM i?2 i`MbKBbbBQM M2irQ`FX
h?2 bmK Q7 HH ~Qrb BM M/ Qmi Q7 i?2 MQ/2- T`Q/m+iBQM M/ bH2b Kmbi #2 2[mH
iQ x2`Q BM 2+? MQ/2X h?Bb 7mH}HHb EB`+?QzǶb +m``2Mi Hr Ua2+iBQM kXkXRV M/ HHQrb
i?2 T`Q/m+2` iQ ;2M2`i2 M/ b2HH BM /Bz2`2Mi MQ/2bX AM 2+? MQ/2 n M/ BM HH
iBK2 T2`BQ/b i M/ b+2M`BQb s i?2 T`Q/m+2` p +M ;2M2`i2 TQr2` rBi? i2+?MQHQ;v
t- qn,p,t,i,s- B7 ?2 ?b QM2 Q` KQ`2 TQr2` THMib BM i?i MQ/2X >2 Kv biQ`2 TQr2`-
qpn,p,i,s- B7 ?2 ?b  TmKT biQ`;2 THMi BM i?i MQ/2X AM HH MQ/2b ?2 +M b2HH
TQr2`- salesn,p,i,s- #v 2Bi?2` T`Q/m+BM; BM i?i MQ/2- Q` BKTQ`iBM; TQr2` QM i?2
TQr2` HBM2bX aH2b BM+Hm/2 2H2+i`B+Biv bQH/ iQ ?Qmb2?QH/b M/ BM/mbi`v- #mi HbQ
2H2+i`B+Biv bQH/ iQ TmKT biQ`;2 THMibX L+n M/ L−n /2}M2 i?2 b2i Q7 HH i?2 TQr2`
HBM2b l i?i ;Q BM Q` Qmi Q7 i?2 `2bT2+iBp2 MQ/2 nX h?2 ~Qrb `2 /B`2+iBQMH M/
BM TB`b bQ  T`Q/m+2` pǶb TQbBiBp2 ~Qr BM HBM2 l BM iBK2 T2`BQ/ i Bb f+l,p,i,s M/ i?2
M2;iBp2 ~Qr QM i?i HBM2 Bb f−l,p,i,sX h?2 T`Q/m+2` +M i`MbTQ`i M/ b2HH TQr2` BM
HH MQ/2b b HQM; b i?2`2 Bb pBH#H2 i`MbKBbbBQM +T+Biv #2ir22M i?2 T`Q/m+iBQM
9k
*?Ti2` jX aiQ+?biB+ SQr2` J`F2i JQ/2H
M/ bH2b MQ/2X 6B;m`2 jXR BHHmbi`i2b i?2 MQ/2 #HM+2 BM QM2 MQ/2X
∑
t
qn,p,t,i,s +
∑
l∈L+n
(f+l,p,i,s − f−l,p,i,s)
− salesn,p,i,s −
∑
l∈L−n
(f+l,p,i,s − f−l,p,i,s) = 0 ∀ n, p, i, s
UjXRRV
6B;m`2 jXR, AHHmbi`iBQM Q7 i?2 MQ/2 #HM+2
aBM+2 qp Bb MQi 2tTHB+BiHv BM i?2 MQ/2 #HM+2b- i?2 7Q`KmHiBQM `2[mB`2b i?i
i?2 /i b2i Bb r2HH 7Q`K2/X Ai Bb TQbbB#H2 iQ ;2i TmKTBM; r?2M i?2`2 `2 MQ bH2b
BM i?2 MQ/2 B7 INTn,i < MChydroƘ × EF X 6Q` Mv `2bQM#H2 /i b2ib- i?Bb rBHH
MQi #2  T`Q#H2KX
h?2 MQ/2 #HM+2 7Q`KmHiBQM Bb ~2tB#H2 M/ +M 2bBHv #2 +?M;2/ iQ b KMv
Q` b 72r MQ/2b b `2[mB`2/ #v BM+`2bBM; Q` `2/m+BM; i?2 b2i Q7 MQ/2b N M/
M2+2bb`v T`K2i2`bX LQ/2b +M HbQ +i b i`Mb72` MQ/2b rBi?Qmi Mv T`Q/m+iBQM
Q` /2KM/- Q` #2 BbQHi2/ rBi?Qmi Mv 2t+?M;2 rBi? Qi?2` MQ/2bX
jXkXj :2M2`iBQM *T+BiB2b
h?2 T`Q/m+2/ TQr2` qn,p,t,i,s BM 2+? iBK2 T2`BQ/ i BM b+2M`BQ s Bb HBKBi2/ #v
i?2 pBH#H2 ;2M2`iBQM +T+Biv GCAPn,p,t 7Q` 2+? T`Q/m+2` p BM MQ/2 n rBi?
i2+?MQHQ;v tX h?2 i2+?MQHQ;v- iBK2 M/ MQ/2 bT2+B}+ pBH#BHBiv 7+iQ` AVn,t,i,s Bb
9j
*?Ti2` jX aiQ+?biB+ SQr2` J`F2i JQ/2H
KQbi BKTQ`iMi 7Q` i?2 rBM/ M/ bQH` TQr2` THMib- r?2`2 i?2 r2i?2` +QM/BiBQMb
/2i2`KBM2 i?2 KtBKmK QmiTmi QM  +QMiBMmQmb #bBbX "mi Bi +M HbQ #2 mb2/ iQ
`2~2+i KBMi2MM+2 Q` Qmi;2b 7Q` +QMp2MiBQMH i2+?MQHQ;B2bX
qn,p,t,i,s −AVn,t,i,s ×GCAPn,p,t ≤ 0 ∀ n, p, t, i, s UjXRkV
jXkX9 S`Q/m+iBQM _KTBM;
AM 2+? iBK2 T2`BQ/ 2+? T`Q/m+2` +M +?M;2 i?2 T`Q/m+iBQM ++Q`/BM; iQ /2KM/X
h?2`2 `2 T?vbB+H +QMbi`BMib QM ?Qr 7bi /Bz2`2Mi i2+?MQHQ;B2b +M BM+`2b2 i?2
2H2+i`B+Biv QmiTmi- M/ i?i BM+`2b2 +M BM+m`  +QbiX h?2 `KTBM; +QMbi`BMi
UjXR9V HBKBib i?2 T`Q/m+2` 7`QK BM+`2bBM; i?2 T`Q/m+iBQM iQQ `TB/HvX h?2 `KTBM;
HBKBi Bb /2+B/2/ #v  i2+?MQHQ;v bT2+B}+ `KTBM; 7+iQ` RUt BM T2`+2Mi Q7 i?2 iQiH
T`Q/m+iBQM +T+Biv GCAPn,p,t BM i?2 MQ/2X b BM h`#2` M/ E2K72`i UkyyNV-
r2 /QMǶi BM+Hm/2 b?mi /QrM +Qbib BM Qm` KQ/2H- #2+mb2 i?2 +Qbi Q7 `KTBM; mT Bb
bB;MB}+MiHv ?B;?2`X
h?2 BM+`2b2 BM T`Q/m+iBQM 7Q` i2+?MQHQ;v t BM MQ/2 n M/ iBK2 T2`BQ/ i M/
b+2M`BQ s- qin,p,t,i,s- Bb i?2 /Bz2`2M+2 #2ir22M i?2 T`Q/m+2` pǶb +m``2Mi M/ T`2pBQmb
T2`BQ/Ƕb T`Q/m+iBQM UjXRjVX qin,p,t,i,s Bb /2}M2/ b MQM@M2;iBp2- M/ rBHH i?2`27Q`2
#2 x2`Q r?2M i?2 T`Q/m+iBQM `KTb /QrMX
qn,p,t,i,s − qn,p,t,i−1,s ≤ qin,p,t,i,s ∀ n, p, t, (i > 1), s UjXRjV
RUt ×GCAPn,p,t − qin,p,t,i,s ≥ 0 ∀ n, p, t, i, s UjXR9V
jXkX8 SmKT aiQ`;2 SHMib
aQK2 ?v/`QTQr2` THMib ?p2 i?2 #BHBiv iQ TmKT ri2` #+F BMiQ  `2b2`pQB`- iQ
iF2 /pMi;2 Q7 `#Bi`;2 QTTQ`imMBiB2bX q?2M i?2 TQr2` T`B+2 Bb HQr- vQm +M
#mv TQr2` M/ TmKT ri2` #+F BMiQ i?2 `2b2`pQB` 7Q` Hi2` mb2X q?2M i?2 T`B+2
Bb ?B;?- vQm +M mb2 i?2 biQ`2/ ri2` iQ T`Q/m+2 TQr2` M/ b2HH Bi BM i?2 K`F2iX
h?2 TmKT biQ`;2 +T+Biv BM i?2 KQ/2H Bb /2}M2/ b  T2`+2Mi;2- INn,p- Q7
i?2 ?v/`Q ;2M2`iBQM +T+Biv 7Q` T`Q/m+2` p M/ MQ/2 nX h?2 KtBKmK TQr2`
#Qm;?i Bb i?2M HBKBi2/ #v UjXR8VX h?2 KQ/2H /Q2b MQi i`+F i?2 `2b2`pQB` H2p2H 7Q`
i?2 TmKT biQ`;2- r?B+? K2Mb i?i i?2 TmKT biQ`;2 THMib BM i?2 KQ/2H Kmbi
#2 +QMM2+i2/ iQ  H`;2 Q` b2bQMH `2b2`pQB`X
qpn,p,i,s − INn,p ×GCAPn,p,hydro ≤ 0 ∀ n, p, i, s UjXR8V
aBM+2 i?2 KQ/2H /Q2b MQi +QMbB/2` TmKT biQ`;2 b  b2T`i2 i2+?MQHQ;v 7`QK
?v/`Q- r2 ?p2 bbmK2/ i?i i?2 K`F2i T`B+2 r?2M i?2 TQr2` 2p2MimHHv Bb bQH/-
Bb 2[mH iQ i?2 ri2` pHm2X h?Bb rBHH mM/2`2biBKi2 i?2 2`MBM; TQi2MiBH b i?2
K`F2i T`B+2 +QmH/ #2 ?B;?2`- #mi Bi Bb MQi M mM`2bQM#H2 bbmKTiBQM B7 i?2 MQ/2
Bb /QKBMi2/ #v ?v/`QTQr2`X
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*?Ti2` jX aiQ+?biB+ SQr2` J`F2i JQ/2H
jXkXe LQM@MiB+BTiBpBiv
h?2 MQM@MiB+BTiBpBiv +QMbi`BMi KF2b bm`2 i?2 T`Q/m+iBQM BM i?2 bK2 2p2Mi
MQ/2 Bb 2[mH BM HH b+2M`BQbX h?2 FIRSTs,i M/ LASTs,i T`K2i2`b /2}M2b r?i
b+2M`BQb `2 i?2 }`bi M/ Hbi b+2M`BQ rBi?BM M 2p2Mi MQ/2X 1X;X B7 r2 ?p2 9
b+2M`BQb r2 rQmH/ +QKT`2 r2 rQmH/ +QKT`2 b+2M`BQ R rBi? k- R rBi? j M/ R
rBi? 9 BM i?2 }`bi T2`BQ/X
qn,p,t,i,s − qn,p,t,i,FIRSTs,i = 0 ∀ n, p, t, i, s UjXReV
Ai Bb bm{+B2Mi iQ QMHv 2M7Q`+2 MQM@MiB+BTiBpBiv QM q B7 i?2 /i b2i `2bmHib BM
 mMB[m2 bQHmiBQM- b i?2 MQ/2 #HM+2 +QMM2+ib q rBi? i?2 Qi?2` p`B#H2bX A7 MQi-
i?2 Qi?2` T`BKH p`B#H2b Kmbi HbQ ?p2 MQM@MiB+BTiBpBiv 2M7Q`+2/X
jXkXd J`F2i SQr2`
1+? T`Q/m+2` Kv 2t2`i K`F2i TQr2` BM QM2 Q` b2p2`H MQ/2bX h?2 K`F2i TQr2`
7+iQ` HHQrb mb iQ /Bz2`2MiBi2 #2ir22M /Bz2`2Mi T`Q/m+2`bǶ K`F2i TQr2`- M/ Bb
/2b+`B#2/ BM *?Ti2` kXjX AM i?2 KQ/2H i?2 K`F2i TQr2` 7+iQ` 7Q` T`Q/m+2` p BM
MQ/2 n- MPp,n Bb i?2 T`iBH /2`BpiBp2 Q7 i?2 iQiH bH2b BM i?2 bT2+B}+ MQ/2 n BM
 iBK2 T2`BQ/ i M/ b+2M`BQ s rBi? `2bT2+i iQ T`Q/m+2` pǶb bH2 BM i?i MQ/2 M/
iBK2 T2`BQ/X
MPp,n =
∂
∑
p salesn,p,i,s
∂salesn,p,i,s
UjXRdV
h?2 K`F2i TQr2` 7+iQ` 2K2`;2b BM i?2 /2`BpiBQM Q7 i?2 EEh +QM/BiBQMbX
jXj haPǶb PTiBKBxiBQM S`Q#H2K
h?2 i`MbKBbbBQM bvbi2K QT2`iQ` UhaPV Bb KQ/2H2/ 7i2` i?2 +QM;2biBQM KM;2@
K2Mi #b2/ QM `2 T`B+BM; T`BM+BTH2 UqM;2Mbi22M- kyydV- r?2`2 i?2 haP `2+2Bp2b
 +QM;2biBQM `2Mi 2[mH iQ i?2 T`B+2 /Bz2`2M+2 #2ir22M irQ `2b B7 i?2 TQr2` HBM2
Bb i 7mHH +T+BivX AM i?2 KQ/2H i?2 haP KtBKBx2b i?2 i`MbKBbbBQM i`Bz τl,i,s
iBK2b i?2 ~Qr T2` iBK2 T2`BQ/ M/ HBM2X >Bb QMHv /2+BbBQM p`B#H2b `2 i?2 ~Qrb-
flowl,i,s- r?B+? ?2 Kmbi F22T rBi?BM i?2 i`MbKBbbBQM +T+Biv +QMbi`BMib UjXRNV
M/ UjXkyVX h?2 7Q`K2` +QMbi`BMi Bb #BM/BM; 7Q`  TQbBiBp2 ~Qr- i?2 Hii2` 7Q` 
M2;iBp2 ~QrX
ΠTSO =
∑
l,i,s
(PROBs × τl,i,s × flowl,i,s) UjXR3V
flowl,i,s − TCAPl ≤ 0 ∀ l, i, s UjXRNV
−flowl,i,s − TCAPl ≤ 0 ∀ l, i, s UjXkyV
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h?2 haP Kv ?p2 +Qbib i?i `2 +Qp2`2/ #v i?2 `2;mHi2/ 722- FClX h?2b2
+Qbib `2 TB/ #v i?2 T`Q/m+2`b iQ i?2 haP- M/ `2 i?2`27Q`2 +M+2H2/ Qmi BM i?2
haPǶb T`Q}i 7mM+iBQMX h?2 KQ/2H B;MQ`2b HQbb2b M/ i?2 2z2+ib Q7 EB`+?QzǶb pQHi;2
HrX //BiBQMHHv i?2`2 Kv #2 `2bi`B+iBQMb QM ?Qr 7bi i?2 ~Qr QM  TQr2` HBM2
Kv +?M;2- /m2 iQ T?vbB+H +?`+i2`BbiB+b M/ Qp2`HH bvbi2K b2+m`Biv +QM+2`Mb
U1LhaP@1- kyRyV- #mi i?Bb ?b MQi #22M BM+Hm/2/ BM i?2 KQ/2HX
jX9 J`F2i@*H2`BM; *QM/BiBQM
h?2 K`F2i@+H2`BM; +QM/BiBQMb #BM/ i?2 T`Q/m+2`bǶ QTiBKBxiBQM T`Q#H2Kb M/ i?2
haPǶb QTiBKBxiBQM T`Q#H2K iQ;2i?2`X h?2 +QM/BiBQMb KF2 bm`2 i?2 ;;`2;i2/
~Qr QM QM2 HBM2 `2 2[mH iQ i?2 haPǶb ~Qrbc flowl,i,sX τl,i,s `2 i?2 /mH p`B#H2b-
M/ `2 i?2 +QM;2biBQM +?`;2b 7Q` i`MbTQ`iBM; QM2 mMBi QM HBM2 l BM iBK2 T2`BQ/ i
M/ b+2M`BQ sX h?2 +QM;2biBQM +?`;2 Bb i?2 pHm2 T`Q/m+2`b rQmH/ pHm2 iQ b2M/
QM2 KQ`2 mMBi QM 2+? bT2+B}+ TQr2` HBM2X aBM+2 i?2 i`MbKBbbBQM 722 Bb BM+Hm/2/
BM i?2 T`Q/m+2`bǶ QTiBKBxiBQM T`Q#H2Kb- i?Bb KF2b bm`2 i?i i?2 T`Q/m+2`b i?i
pHm2 i?2 ~Qr i?2 KQbi ;2ib i?2 +T+BivX
J`F2i@+H2`BM; +QM/BiBQM Uτl,i,s − 7`22V∑
p
(f+l,p,i,s − f−l,p,i,s)− flowl,i,s = 0 ∀ l, i, s UjXkRV
jX8 PTiBKHBiv M/ 62bB#BHBiv
b 2tTHBM2/ BM *?Ti2` kXj- i?2 EEh +QM/BiBQMb `2 bm{+B2Mi 7Q` i?2 T`Q#H2K
iQ #2 QTiBKH B7 i?2 T`Q#H2K Bb +QMp2t M/ M2+2bb`v B7  +QMbi`BMi [mHB}+iBQMb
U*ZV ?QH/X HH i?2 +QMbi`BMib BM Qm` T`Q#H2K `2 HBM2` Q` {M2- M/ i?2 72bB#H2
`2 Bb i?2`27Q`2 +QMp2tX hQ ?p2  +QMp2t T`Q#H2K i?2 Q#D2+iBp2 7mM+iBQM Q7 i?2
T`Q/m+2`b M/ i?2 haP Kmbi HbQ #2 +QMp2t 7Q`  KBMBKBxiBQM T`Q#H2KX h?2
haPǶb T`Q#H2K Bb HBM2`- r?B+? K2Mb i?i Bi Bb HbQ +QMp2tX h?2 Q#D2+iBp2 7mM+iBQMb
Q7 i?2 T`Q/m+2`b `2 +QMp2t B7 SLPn,i- AMCn,p,t M/ AFCl `2 MQM@M2;iBp2X
*Zb ;m`Mi22 i?i 2p2`v EEh TQBMi T`QpB/2b M QTiBKH bQHmiBQMX h?2 *Zb
7`QK "x` 2i HX Ukyy8V ?QH/ 7Q` Qm` KQ/2HX HH +QMbi`BMib `2 {M2 BM2[mHBiB2b
Q` HBM2` 2[mHBiB2b M/ i?mb i?2 72bB#H2 `2;BQM Bb  +QMp2t TQHv?2/`HX qBi?  72@
bB#H2 `2;BQM /2}M2/ #v HBM2` +QMbi`BMib- EEh `2 M2+2bb`v 7Q` QTiBKH bQHmiBQMb-
BM/2T2M/2Mi Q7 i?2 Q#D2+iBp2 7mM+iBQMX
h?2 T`Q#H2K rBHH MQi M2+2bb`BHv ?p2  mMB[m2 bQHmiBQM- Bi /2T2M/b QM i?2
/i b2iX AMCn,p,t- MPa,n M/ AFCl Kmbi #2 MQM@M2;iBp2 M/ `2bmHib BM mMB[m2
T`Q/m+iBQM- bH2b M/ BM/BpB/mH ~QrX b  +QMb2[m2M+2- i?2 +?M;2 BM T`Q/m+iBQM
M/ i?2 ;;`2;i2/ ~Qr rBHH HbQ #2 mMB[m2X h?2 TmKT biQ`;2 pQHmK2 Bb MQi
M2+2bb`BHv mMB[m2- B7 i?2`2 `2 b2p2`H T`Q/m+2`b BM  MQ/2 M/ i?2 T`B+2 Bb 2[mH
i?2 `2p2Mm2 i?2v ;BM #v TmKTBM; i?2v `2 BM/Bz2`2Mi #Qmi r?Q b?QmH/ TmKTX
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jXe aQHpBM; i?2 S`Q#H2K
h?2 T`2b2Mi2/ KtBKBxiBQM T`Q#H2Kb Kmbi #2 bQHp2/ bBKmHiM2QmbHv bBM+2 HH i?2
T`Q#H2Kb BM~m2M+2 QM HH i?2 Qi?2` T`Q#H2KbǶ bQHmiBQMX hQ #2 #H2 iQ bQHp2 HH
i?2 T`Q#H2Kb- 2+? KtBKBxiBQM T`Q#H2K Bb }`bi +QMp2`i2/ BMiQ  KBMBKBxiBQM
T`Q#H2K rBi? QMHv H2bb@i?M Q` 2[mHBiv +QMbi`BMib M/ i?2M +QMp2`i2/ iQ M J*S
b /2b+`B#2/ BM *?Ti2` kXjX h?2 EEh +QM/BiBQMb 7Q` HH i?2 T`Q/m+2`bǶ T`Q#H2Kb
`2 ;;`2;i2/ iQ;2i?2` rBi? i?2 haPǶb EEh +QM/BiBQMb M/ i?2 K`F2i@+H2`BM;
+QM/BiBQMX h?2 7mHH Ki?2KiB+H 7Q`KmHiBQM +M #2 7QmM/ BM TT2M/Bt X b r2
FMQr 7`QK a2+iBQM kXjXe- i?2 T`Q#H2K +M HbQ #2 7Q`KmHi2/ b  oA@T`Q#H2KX h?2
7Q`KmHiBQM rBi? i?2 KTTBM; M/ i?2 +QMbi`BMi b2i Q7 i?2 oA@T`Q#H2K +M #2
7QmM/ BM TT2M/Bt *X
jXd JQ/2H rBi? a+2M`BQ h`22 6Q`KmHiBQM
h?2 KQ/2H 7Q`KmHiBQM +M HbQ #2 2tT`2bb2/ BM i2`Kb Q7  b+2M`BQ i`22 7Q`KmHiBQM
BMbi2/ Q7 i?2 MQM@MiB+BTiBpBiv +QMbi`BMibX AM i?2 MQM@MiB+BTiBpBiv 7Q`KmHiBQM
i?2 p`B#H2b `2 /2}M2/ 7Q` HH b+2M`BQb s M/ iBK2 T2`BQ/b i- r?BH2 BM i?2 b+2M`BQ
i`22 7Q`KmHiBQM p`B#H2b `2 /2}M2/ 7Q` i?2 b+2M`BQ i`22 MQ/2b eX h?2 7mHH b+2M`BQ
i`22 7Q`KmHiBQM +M #2 7QmM/ BM TT2M/Bt "X
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jX3 E`mb? Em?M hm+?2` *QM/BiBQMb Q7 i?2 aiQ+?b@
iB+ SQr2` J`F2i JQ/2H
h?2 EEh +QM/BiBQMb `2 /2`Bp2/ 7`QK i?2 biQ+?biB+ MQM@MiB+BTiBpBiv T`Q#H2K
7Q`KmHiBQMX n+ M/ n− `272` iQ i?2 MQ/2 r?2`2 TQr2` HBM2 l bi`ib M/ biQTbX
S`Q/m+2`
0 ≤ qn,p,t,i,s ⊥PROBs × (MCt + 2×AMCn,p,t × qn,p,t,i,s)
−γn,p,i,s + αn,p,t,i,s + βn,p,t,i,s|i>1 − βn,p,t,i+1,s|i<|I|
+δn,p,t,i,s|s≥FIRSTs,i −
∑
s|s≤LASTs,i
δn,p,t,i,s=FIRSTs,i ≥ 0
UjXkkV
0 ≤ salesn,p,i,s ⊥PROBs ×
(
−INTn,i + SLPn,i ×
∑
p
(salesn,p,i,s − qpn,p,i,s)
)
+PROBs ×MPp,n × SLPn,i × salesn,p,i,s
+γn,p,i,s ≥ 0
UjXkjV
0 ≤ qpn,p,i,s ⊥PROBs × (−MChydro × EF )
+PROBs ×
(
INTn,i + SLPn,i ×
∑
p
(salesn,p,i,s − qpn,p,i,s)
)
+ψn,p,t,i,s ≥ 0
UjXk9V
0 ≤ f+l,p,i,s ⊥PROBs ×
(
τl,i,s + FCl + 2×AFCl × f+l,p,i,s
)
−γn+,p,i,s + γn−,p,i,s ≥ 0
UjXk8V
0 ≤ f−l,p,i,s ⊥PROBs ×
(
−τl,i,s + FCl + 2×AFCl × f−l,p,i,s
)
+γn+,p,i,s − γn−,p,i,s ≥ 0
UjXkeV
0 ≤ qin,p,t,i,s ⊥ PROBs ×RCt − βn,p,t,i,s + φn,p,t,i,s ≥ 0 UjXkdV
∑
t
qn,p,t,i,s +
∑
l∈L+n
(f+l,p,i,s − f−l,p,i,s)
−salesn,p,i,s −
∑
l∈L−n
(f+l,p,i,s − f−l,p,i,s) = 0
(γn,p,i,s − 7`22)
UjXk3V
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0 ≤ αn,p,t,i,s ⊥ AVt,i,s ×GCAPn,p,t − qn,p,t,i,s ≥ 0 UjXkNV
0 ≤ βn,p,t,i,s ⊥ qin,p,t,i,s − qn,p,t,i,s + qn,p,t,i−1,s ≥ 0 UjXjyV
0 ≤ φn,p,t,i,s ⊥ RUt ×GCAPn,p,t − qin,p,t,i,s ≥ 0 UjXjRV
0 ≤ ψn,p,s ⊥ INn,p ×GCAPn,p,hydro − qpn,p,i,s ≥ 0 UjXjkV
qn,p,t,i,FIRSTs,i − qn,p,t,i,s = 0
(δn,p,t,i,s − 7`22) UjXjjV
h`MbKBbbBQM avbi2K PT2`iQ`
0 ≤ flowl,i,s ⊥ −PROBs × τl,i,s + $+l,i,s − $−l,i,s ≥ 0 UjXj9V
0 ≤ $+l,i,s ⊥ TCAPl − flowl,i,s ≥ 0 UjXj8V
0 ≤ $−l,i,s ⊥ TCAPl + flowl,i,s ≥ 0 UjXjeV
J`F2i@*H2`BM;
flowl,i,s −
∑
p
(f+l,p,i,s − f−l,p,i,s) ≥ 0
(τl,i,s − 7`22)
UjXjdV
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8y
*?Ti2` 9
.2+QKTQb2/ aiQ+?biB+
SQr2` J`F2i JQ/2H
h?Bb b2+iBQM T`2b2Mib Qm` .MixB;@qQH72 /2+QKTQbBiBQM Q7 i?2 aiQ+?biB+ SQr2`
J`F2i JQ/2H /QM2 QM i?2 MQM@MiB+BTiBpBiv +QMbi`BMib- #b2/ QM i?2 i?2Q`v
T`2b2Mi2/ BM a2+iBQM kXdX h?2 H;Q`Bi?K Bb T`2b2Mi2/ M/ bQHp2/ b M J*S- b i?Bb
Bb ?Qr i?2 KQ/2H Bb BKTH2K2Mi2/X 6B`bi i?2 H;Q`Bi?K rBHH #2 2tTHBM2/- i?2M i?2
Kbi2` T`Q#H2K M/ bm#T`Q#H2K 7Q`KmHiBQMbX
9XR H;Q`Bi?K
6B;m`2 9XR b?Qrb i?2 KBM H;Q`Bi?K BM bQHpBM; i?2 /2+QKTQb2/ T`Q#H2KX h?2
H;Q`Bi?K bi`ib #v ;2M2`iBM; i?2 }`bi b2i Q7 T`QTQbHb #v i?2 bm#T`Q#H2KbX h?2
bm#T`Q#H2Kb `2 HBMF2/ iQ i?2 Kbi2` T`Q#H2K i?`Qm;?  p`B#H2- δn,p,t,i- BM 2+?
Bi2`iBQMX δn,p,t,i `2 i?2 /mH p`B#H2b iQ i?2 MQM@MiB+BTiBpBiv +QMbi`BMibX AM i?2
}`bi Bi2`iBQM δn,p,t,i = 0X h?2 `2bmHi Q7 2+? bm#T`Q#H2K Bb bp2/ BM  p2+iQ` i?i
+QMiBMb i?2 ;2M2`i2/ T`QTQbHbX h?2 Kbi2` T`Q#H2K T`QTQb2b  b2i Q7 r2B;?ib-
λk,s- 7Q` 2+? bm#T`Q#H2K bQHmiBQM i?i T`QpB/2 i?2 +m``2Mi #2bi bQHmiBQMX δn,p,t,i
`2 `2+Q`/2/ M/ b2Mi iQ i?2 M2ti bm#T`Q#H2KX h?Bb +QKTH2i2b i?2 }`bi Bi2`iBQMX
AM i?2 M2ti Bi2`iBQM- i?2 bm#T`Q#H2Kb mb2 i?2 M2r BM7Q`KiBQM 7`QK i?2 /mH
p`B#H2b δn,p,t,i iQ ;2M2`i2 M2r T`QTQbHbX h?2 +QMp2`;2M+2 ;T Bb i?2M +?2+F2/
iQ b22 B7 i?2 H;Q`Bi?K ?b +QKTH2i2/X A7 MQi- i?2 Kbi2` T`Q#H2K ;2M2`i2b  M2r
b2i Q7 r2B;?iBM;b λk,s M/ mT/i2/ /mH p`B#H2b δX h?Bb T`Q+2/m`2 HQQTb mMiBH i?2
+QMp2`;2M+2 ;T Bb `2+?2/X
h?2 H;Q`Bi?K mb2b QM2 r2B;?i 7Q` 2+? bm#T`Q#H2K bQHmiBQM- BMbi2/ Q7 QM2
r2B;?i 7Q` i?2 b2i Q7 bm#T`Q#H2K T`QTQbHb BM M Bi2`iBQMX h?Bb Bb BKTQ`iMi #2@
+mb2 i?2 2ti` ~2tB#BHBiv BM +QK#BMBM; T`QTQbHb 7`QK /Bz2`2Mi bm#T`Q#H2Kb /B7@
72`2MiHv +M bT22/ mT i?2 +QMp2`;2M+2 M/ `2/m+2 i?2 MmK#2` Q7 Bi2`iBQMb U*?mM;
2i HX- kyyeVX h?2 +Qbi Q7 mbBM; KQ`2 r2B;?ib Bb M BM+`2b2 BM i?2 MmK#2` Q7 p`B@
#H2b M/ i?2`27Q`2 HbQ i?2 bBx2 Q7 i?2 Kbi2` T`Q#H2K U*?mM; M/ 6mHH2`- kyRyVX
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6B;m`2 9XR, S`Q#H2K bT2+B}+ .q. H;Q`Bi?K
9Xk h?2 Jbi2` S`Q#H2K
h?2 Kbi2` T`Q#H2K `2+2Bp2b bQHmiBQMb 7`QK i?2 bm#T`Q#H2Kb- M/ }M/b i?2 #2bi
bQHmiBQM #v iFBM;  +QMp2t +QK#BMiBQM Q7 HH i?2 T`QTQb2/ bQHmiBQMb 7Q`  b+2M`BQX
h?2 Kbi2` T`Q#H2K i?2M Tbb2b QM i?2 /mH p`B#H2b Q7 i?2 MQM@MiB+BTiBpBiv +QM@
bi`BMib- bQ i?2 bm#T`Q#H2K +M T`QTQb2 #2ii2` bQHmiBQMbX h?2 bm#T`Q#H2Kb T`QTQb2
bQHmiBQMb i?i `2 BM72bB#H2 BM i?2 Kbi2` T`Q#H2K- bBM+2 i?2 MQM@MiB+BTiBpBiv
+QMbi`BMib `2 `2Ht2/X h?2 `iB}+BH p`B#H2b Ufeas+n,p,t,i,sffeas−n,p,t,i,sV `2 BM@
i`Q/m+2/ BM i?2 MQM@MiB+BTiBpBiv +QMbi`BMib BM i?2 Kbi2` T`Q#H2K- iQ 2Mbm`2
i?i i?2 Kbi2` T`Q#H2K Bb 72bB#H2X M bbQ+Bi2/ T2MHiv T`K2i2` T2MHBx2b
bQHmiBQMb rBi? `iB}+BH p`B#H2b bQ i?2v 2p2MimHHv `2 `2KQp2/ 7`QK i?2 Kbi2`
T`Q#H2K bQHmiBQMX
8k
*?Ti2` 9X .2+QKTQb2/ aiQ+?biB+ SQr2` J`F2i JQ/2H
9XkXR .2}MBiBQMb
h?2 bQHmiBQM Q7 i?2 p`B#H2b 7`QK i?2 bm#T`Q#H2Kb `2 /2MQi2/ BM +TBiH H2ii2`b
U2X;X Z- aG1aVX
a2ib
K a2i Q7 T`QTQbHb k 7`QK i?2 bm#T`Q#H2Kb
S`K2i2`b
F+l,p,i,s,k SQbBiBp2 ~Qr BM T`QTQbH k
F−l,p,i,s,k L2;iBp2 ~Qr BM T`QTQbH k
FLOWl,i,s,k hQiH ~Qr BM T`QTQbH k
PENALTYn,p,t,i,s S2MHiv 7Q` BM72bB#BHBiv BM i?2 MQM@MiB+BTiBpBiv +QMbi`BMib
Qn,p,t,i,s,k S`Q/m+iBQM BM T`QTQbH k
QIn,p,t,i,s,k S`Q/m+iBQM BM+`2b2 BM T`QTQbH k
QPn,p,s,k SmKT biQ`2/ TQr2` BM T`QTQbH k
SALESn,p,i,s,k aH2b BM T`QTQbH k
TAUl,i,s,k h`MbKBbbBQM 722 BM T`QTQbH k
S`BKH p`B#H2b
feas+n,p,t,i SQbBiBp2 `iB}+BH p`B#H2 BM i?2 MQM@MiB+BTiBpBiv +QM@
bi`BMib
feas−n,p,t,i L2;iBp2 `iB}+BH p`B#H2 BM i?2 MQM@MiB+BTiBpBiv +QM@
bi`BMib
λk,s q2B;?i QM T`QTQbH k 7Q` b+2M`BQ s
.mH p`B#H2b
∆n,p,t,i,s .mH p`B#H2 iQ i?2 MQM@MiB+BTiBpBiv +QMbi`BMi BM i?2 Kb@
i2` T`Q#H2K
σs .mH iQ i?2 +QMp2tBiv +`Bi2`BQM
9XkXk 6Q`KmHiBQM
h?2 Kbi2` T`Q#H2K +QMbBbib Q7 i?2 biiBQM`Biv +QM/BiBQMb 7Q` λk,s M/ i?2 72bB#BHBiv@
p`B#H2b- iQ;2i?2` rBi? i?2 MQM@MiB+BTiBpBiv +QMbi`BMib M/ i?2 +QMp2tBivX
aiiBQM`Biv 7Q` GK#/
h?2 biiBQM`Biv +QMbi`BMi 7Q` λk,s ?b #22M /BpB/2/ BMiQ /Bz2`2Mi T`ib 7Q` +H`BivX
h?2 ;;`2;i2 bmK Bb T2`T2M/B+mH` U⊥V iQ λk,s ≥ 0 ∀sX aQK2 Q7 i?2 i2`Kb `2Hi2/
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iQ i?2 ~Qrb +M+2H Qmi r?2M i?2 Kbi2` T`Q#H2K Bb /2`Bp2/X h?2 `2/mM/Mi i2`Kb
`2 7QmM/ BM TT2M/Bt .X
S`Q/m+iBQM
0 ≤ λk,s ⊥
∑
n,p,t,i
(PROBs × (MCt
+2×AMCn,p,t ×
∑
k
(λk,s ×Qn,p,t,i,s,k))×Qn,p,t,i,s,k)
U9XRV
aH2b
+
∑
n,p,i
(PROBs × (−INTi,n + SLPi,n ×
∑
p,k
λk,s × (SALESn,p,i,s,k −QPn,p,i,s,k))
×SALESn,p,i,s,k)
+
∑
n,p,i
(PROBs ×MPp,n × SLPi,n ×
∑
k
(λk,s × SALESn,p,i,s,k)
×SALESn,p,i,s,k)
U9XR#V
SmKT biQ`;2
+
∑
n,p,i
(PROBs × (−MChydro × EF
+(INTi,n − SLPi,n ×
∑
p,k
λk,s × (SALESn,p,i,s,k −QPn,p,i,s,k)))
×QPn,p,i,s,k)
U9XR+V
SQbBiBp2 ~Qr
+
∑
l,p,i
(PROBs × (FCl + 2×AFCl ×
∑
k
(λk,s × F+l,p,i,s,k))× F+l,p,i,s,k) U9XR/V
L2;iBp2 ~Qr
+
∑
l,p,i
(PROBs × (FCl + 2×AFCl ×
∑
k
(λk,s × F−l,p,i,s,k))× F−l,p,i,s,k) U9XR2V
S`Q/m+iBQM BM+`2b2
+
∑
n,p,t,i
(PROBs ×RCt ×QIn,p,t,i,s,k) U9XR7V
LQM@MiB+BTiBpBiv +QMbi`BMi
+
∑
n,p,t,i
(−Qn,p,t,i,FIRSTs,i,k +Qn,p,t,i,s,k)×∆n,p,t,i,s U9XR;V
*QMp2tBiv +`Bi2`BQM
+σs ≥ 0 U9XR?V
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*?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aiiBQM`Biv 7Q` 62bB#BHBiv
0 ≤ feas+n,p,t,i,s ⊥ PROBs × PENALTYn,p,t,i,s −∆n,p,t,i,s ≥ 0 U9XkV
0 ≤ feas−n,p,t,i,s ⊥ PROBs × PENALTYn,p,t,i,s +∆n,p,t,i,s ≥ 0 U9XjV
*QMp2tBiv *`Bi2`BQM
1−
∑
k
λk,s = 0 ⊥ σs − free U9X9V
LQM@MiB+BTiBpBiv∑
k
λk,s
(
Qn,p,t,i,FIRSTs,i,k −Qn,p,t,i,s,k
)
+feas+n,p,t,i,s − feas−n,p,t,i,s = 0 ⊥ ∆n,p,t,i,s − free
U9X8V
9Xj h?2 am#T`Q#H2K
h?2`2 Bb QM2 bm#T`Q#H2K 7Q` 2+? b+2M`BQ s- bBM+2 r2 /2+QKTQb2 QM i?2 MQM@
MiB+BTiBpBiv +QMbi`BMibX *QMb2[m2MiHv- i?2 p`B#H2b BM i?2 bm#T`Q#H2Kb QMHv
/2T2M/ QM i?2 iBK2 T2`BQ/ i- M/ MQi i?2 b+2M`BQ sX h?2 Kbi2` T`Q#H2K KF2b
bm`2 i?i i?2 p`B#H2b BM i?2 bm#T`Q#H2K 7mH}HH i?2 MQM@MiB+BTiBpBiv +QMbi`BMib
#v TbbBM; HQM; i?2 /mH p`B#H2b ∆X
9XjXR 6Q`KmHiBQM
h?2 bm#T`Q#H2K 7Q`KmHiBQM Bb i?2 bK2 b i?2 aiQ+?biB+ SQr2` J`F2i JQ/2H
BM *?Ti2` j- 2t+2Ti i?i i?2 MQM@MiB+BTiBpBiv +QMbi`BMib `2 `2KQp2/X h?2
7Q`KmHiBQM +M #2 7QmM/ BM TT2M/Bt 1X
h?2 EEh +QM/BiBQMb `2 b #27Q`2- 2t+2Ti i?i i?2 T`Q/m+iBQM biiBQM`Biv
+QM/BiBQM Bb +?M;2/ iQ ++QKKQ/i2 i?2 /mH p`B#H2b iQ i?2 MQM@MiB+BTiBpBiv
+QMbi`BMib 7`QK i?2 Kbi2` T`Q#H2K- ∆n,p,t,i,sX ∆n,p,t,i,s 7`QK i?2 Kbi2` T`Q#H2K
`2 Tbb2/ iQ i?2 bm#T`Q#H2K b δn,p,t,iX A7 b+2M`BQ s Bb /2}M2/ b i?2 }`bi b+2M`BQ
Us = FIRSTs,iV i?2M,
δn,p,t,i = −
∑
FIRSTs,i<s≤LASTs,i ∆n,p,t,i,s
A7 b+2M`BQ s Bb MQi i?2 }`bi b+2M`BQ- i?2M,
δn,p,t,i = ∆n,p,t,i,s
h?2 KQ/B}2/ EEh +QM/BiBQM 7Q` q Bb ;Bp2M #v,
0 ≤ qn,p,t,i ⊥PROBs × (MCt + 2×AMCn,p,t × qn,p,t,i)
−γn,p,i + αn,p,t,i + βn,p,t,i|i>1 − βn,p,t,i+1|i<|I| + δn,p,t,i ≥ 0
U9XeV
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9X9 *QMp2`;2M+2 M/ lMB[m2M2bb
h?2 +QMp2`;2M+2 +`Bi2`BQM 2tTHBM2/ BM a2+iBQM kXdXe `2 biBb}2/- M/ i?2 H;Q`Bi?K
rBHH +QMp2`;2X h?2 +QMp2`;2M+2 ;T +M #2 7QmM/ BM TT2M/Bt 6X
h?2 mMB[m2M2bb Q7 i?2 bQHmiBQM Bb /2T2M/2Mi QM i?2 /i b2iX A7 MP - AMC-
M/ AFC `2 MQM@M2;iBp2 7Q` HH `2H2pMi T`Q/m+2`b M/ TQr2` HBM2b- i?2 `2H2pMi
KTTBM;b `2 bi`B+iHv KQMQiQM2 M/ bi`B+iHv +QMp2t M/ i?2 bQHmiBQM Bb mMB[m2 BM
T`Q/m+iBQM- bH2b M/ i?2 T`Q/m+2`b ~QrX "v /2}MBiBQM qi- flow M/ τ `2 HbQ
mMB[m2X qp Bb MQi M2+2bb`BHv mMB[m2 bBM+2 i?2 KTTBM; Bb MQi bi`B+iHv +QMp2tX
9X8 Hi2`MiBp2 JQ/2H o2`bBQMb
q2 BKTH2K2Mi2/ irQ bHB;?iHv /Bz2`2Mi KQ/2HbX h?2 }`bi KQ/2H- b T`2b2Mi2/ #Qp2-
T`Q/m+2b bQHmiBQMb i?i bi`i Qmi #2BM; BM72bB#H2 BM i?2 Q`B;BMH T`Q#H2KX >Qr@
2p2`- r2 FMQr i?i i?2 T2MHiv T`K2i2` #QmM/b i?2 /mH p`B#H2 ∆ Q7 i?2 MQM@
MiB+BTiBpBiv +QMbi`BMiX h?Bb T`QT2`iv +M #2 mb2/ iQ +QMi`QH i?2 H;Q`Bi?K M/
pQB/ H`;2 ~m+imiBQMb BM i?2 bm#T`Q#H2Kb M/ iQQ #B; +?M;2b #2ir22M i?2 T`Q@
TQbHbX
h?2 b2+QM/ KQ/2H Hrvb T`Q/m+2b 72bB#H2 bQHmiBQMb- bBM+2 Bi /Q2bMǶi BM+Hm/2
i?2 `iB}+BH p`B#H2b Ufeas+n,p,t,i,sffeas−n,p,t,i,sVX M BMBiBH 72bB#H2 bQHmiBQM Kmbi
#2 +QMbi`m+i2/ BM i?2 }`bi Bi2`iBQMX PM2 TT`Q+? r2 mb2 Bb iQ iF2 i?2 p2`;2
bQHmiBQM 7`QK  `mM Q7 i?2 }`bi bm#T`Q#H2K Bi2`iBQMX h?2 /mH p`B#H2b `2 MQi
#QmM/2/ BM i?Bb p2`bBQM- M/ i?2 TT`Q+? Kv mb2 b2p2`H Bi2`iBQMb #27Q`2 i?2
Kbi2` T`Q#H2K /2+B/2b iQ mb2 i?2 M2r T`QTQbHbX
9Xe h2+?MB[m2b iQ AKT`Qp2 i?2 *QKTmiiBQMH S2`@
7Q`KM+2
q2 2tT2`B2M+2/ 2`Hv i?i i?2 H;Q`Bi?K rQ`F2/ }M2 7Q` bKHH2` T`Q#H2Kb #mi
?/ T`Q#H2Kb rBi? #B;;2` /i b2ibX h?Bb H2/ mb iQ +QMbB/2` /Bz2`2Mi K2i?Q/b iQ
BKT`Qp2 i?2 +QMp2`;2M+2 M/ bQHmiBQM iBK2- QmiHBM2/ BM h#H2 9XRX
AM i?2 b2+QM/ KQ/2H p2`bBQM r2 ?p2 iQ ;2M2`i2  72bB#H2 bi`iBM; bQHmiBQM-
#mi i?Bb +M HbQ #2 /QM2 BM i?2 }`bi p2`bBQMX h?Bb +M T`QpB/2  #2ii2` bi`iBM;
TQBMi 7Q` i?2 H;Q`Bi?KX h?2 ;2M2`i2/ bi`iBM; TQBMi Bb #b2/ QM i?2 p2`;2 Q7
i?2 T`Q/m+iBQMb BM i?2 }`bi bm#T`Q#H2KbX
 b2+QM/ i2+?MB[m2 rb iQ }t bQK2 i2+?MQHQ;B2b 2Bi?2` iQ 7mHH +T+Biv Q` iQ x2`QX
.m2 iQ i?2 +?`+i2`BbiB+b Q7 Qm` T`Q#H2K- r2 +M #2 [mBi2 +2`iBM i?i i2+?MQHQ;B2b
rBi? HQr K`;BMH +Qbi- bm+? b bQH`- rBM/ M/ `mM@Q7@`Bp2` TQr2` ;2M2`iBQM- rBHH
#2 7mHHv miBHBx2/ M/ +M #2 +QMbB/2`2/ }t2/X aBKBH`Hv- B7  T`Q/m+2` /Q2bMǶi mb2 
i2+?MQHQ;v BM i?2 }`bi Bi2`iBQM- r2 7Q`+2 i?2 +T+Biv iQ x2`Q mMiBH i?2 H;Q`Bi?K
`2+?2b 72bB#BHBiv Q` 7i2`  +2`iBM MmK#2` Q7 Bi2`iBQMbX q2 /B/ i?Bb #2+mb2 i
i?2 bi`i Q7 i?2 H;Q`Bi?K i?2`2 Kv #2 H`;2 brBM;b BM i?2 T`Q/m+iBQM i?i +mb2
i2+?MQHQ;B2b i?i Qi?2`rBb2 rQmH/MǶi #2 BM+Hm/2/ iQ #2 T`Q}i#H2X h?2 brBM;b bHQr
/QrM i?2 +QMp2`;2M+2 Q7 i?2 H;Q`Bi?KX
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J2i?Q/ƘƘƘƘƘƘƘƘƘƘƘƘƘƘƘƘƘƘ .2b+`BTiBQMƘ
62bB#H2 bi`i bQHmiBQMƘ S`QpB/2  bi`iBM; TQBMiƘ
6BtBM; i2+?MQHQ;B2bƘƘƘƘƘ 6BtBM; i2+?MQHQ;B2b i?i +M `2bQM#Hv
#2 bbmK2/ iQ #2 x2`Q Q` i 7mHH +T+Biv
S`QTQbH `2KQpHƘƘƘƘƘƘƘƘ _2KQp2 T`QTQbHb MQi mb2/ BM i?2 Hbi
F Bi2`iBQMbƘ
LQM@MiB+BTiBpBiv bH+F ++2Ti bQHmiBQMb i?i `2 bHB;?iHv BM72@
bB#H2Ƙ
S2MHiv /DmbiK2MibƘƘƘƘƘ o`BQmb K2i?Q/b iQ +QMi`QH i?2
T2MHivƘ
ai2T H2M;i? `2/m+iBQMƘƘƘ GBKBi i?2 bi2T H2M;i? #v KQ/B7vBM; δ BM
i?2 bm#T`Q#H2KƘ
h#H2 9XR, Pp2`pB2r Qp2` i2+?MB[m2b iQ BKT`Qp2 i?2 bQHmiBQM iBK2
h?2 Kbi2` T`Q#H2K Bb BM+`2bBM; BM bBx2 2+? Bi2`iBQM- r?B+? KF2b i?2 T`Q#@
H2K H`;2` M/ KQ`2 +QKTH2tX 1p2MimHHv r2 2tT2`B2M+2/ i?i :Ja /B/ MQi bQHp2
i?2 Kbi2` T`Q#H2K- Bi rb `2TQ`i2/ #2BM; BM72bB#H2X *QMbB/2`BM; i?i i?2 Kbi2`
T`Q#H2K bQHmiBQMb 7QmM/ BM i?2 7Q`K2` Bi2`iBQMb `2 72bB#H2 BM i?2 +m``2Mi Kb@
i2` T`Q#H2K- i?Bb Bb MQi +Q``2+iX hQ HH2pBi2 i?Bb M/ KF2 i?2 Kbi2` T`Q#H2K
bKHH2`- r2 +?2+F r?2M  T`QTQbH rb Hbi BM+Hm/2/ BM i?2 Kbi2` T`Q#H2K bQHmiBQM
M/ `2KQp2 Bi B7 Bi ?bMǶi #22M mb2/ `2+2MiHvX h?Bb `2/m+2b i?2 bBx2 Q7 i?2 Kbi2`
T`Q#H2K M/ i?2 KQ/2H Bb ;2M2`i2/ 7bi2` BM :Ja M/ bQHp2/ 7bi2`X
 bKHH bH+F pHm2 Bb BM+Hm/2/ BM 2+? MQM@MiB+BTiBpBiv +QMbi`BMi- bBM+2 Bi Bb
bm{+B2Mi i?i irQ p`B#H2b `2 +QMbB/2`2/ 2[mH B7 i?2 /Bz2`2M+2 Bb K`;BMHX h?2
/2iBH H2p2H Bb /2}M2/ #v i?2 mTT2` M/ HQr2` HBKBi Q7 i?2 bH+F p`B#H2b- r?B+? Bb
yXyR BM i?Bb i?2bBbX b  `2bmHi- i?2 H;Q`Bi?K /Q2bMǶi M22/ iQ /Dmbi M2`Hv 2[mH
p`B#H2b M/ i?2`27Q`2 bQHp2b 7bi2`X
h?2 +QMp2`;2M+2 Bb HbQ ?B;?Hv b2MbBiBp2 QM i?2 T2MHiv pHm2X GBiiH2 `2b2`+?
?b #22M /QM2 iQ }M/ ;QQ/ pHm2b 7Q` i?2 T2MHivX qibQM 2i HX Ukyy3V 2tTHQ`2b
/Bz2`2Mi i2+?MB[m2b rBi?BM T`Q;`2bbBp2 ?2/;BM; M/ bm;;2bib /Bz2`2Mi bi`i2;B2b
iQ /Dmbi i?2 T2MHiv pHm2b QM  MQ`KH +QMbi`BM2/ QTiBKBxiBQM T`Q#H2KX h?2
`iB+H2 bm;;2bib i?i /Dmbi2/ T2MHiv pHm2b ;Bp2 Km+? #2ii2` `2bmHib i?M }t2/
pHm2bX
aBKBH`Hv r2 i`v iQ HBKBi i?2 ~m+imiBQMb BM i?2 KQ/2H #v `2/m+BM; δ BM i?2
bm#T`Q#H2KbX "v `2/m+BM; i?Bb pHm2- i?2 bi2T H2M;i? BM 2+? Bi2`iBQM Bb bKHH2`X
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*?Ti2` 8
.i b2i
hQ bim/v i?2 1m`QT2M TQr2` K`F2i iQ/v M/ BM kyky- r2 ?p2 +?Qb2M iQ BM+Hm/2
LQ`rv- ar2/2M- .2MK`F- :2`KMv- i?2 L2i?2`HM/b M/ :`2i "`BiBM rBi? 2+?
+QmMi`v b i?2B` QrM MQ/2X h?2b2 +QmMi`B2b r2`2 +?Qb2M #b2/ QM i?2 bi`i2;B+
+QMM2+iBQMb #2ir22M i?2 +QmMi`B2b M/ i?2 BMi2`2biBM; ;2M2`iBQM KBtX LQ`rv
M/ ar2/2M ?p2  HQi Q7 ?v/`QTQr2`- r?BH2 .2MK`F M/ :2`KMv ?p2  HQi Q7
rBM/ TQr2`X h?2 L2i?2`HM/b ?b H2bb rBM/ TQr2`- #mi Bb bi`i2;B+HHv BKTQ`iMi
#2+mb2 Q7 i?2 K`F2iǶb +HQb2M2bb iQ :2`KMv M/ bm#@b2 +#H2b iQ :`2i "`BiBM
M/ LQ`rvX :`2i "`BiBM /Q2b MQi ?p2 bQ Km+? rBM/ TQr2` v2i- #mi ?b 7mim`2
THMb Q7 +QMbB/2`#H2 rBM/ TQr2` T`Q/m+iBQMX
h?2 KQ/2H ?b  b?Q`i@i2`K T2`bT2+iBp2 rBi?  iBK2 ?Q`BxQM Q7 k9 ?Qm`b rBi?
QM2 ?Qm` `2bQHmiBQMX h?Bb HHQrb mb iQ bim/v i?2 BMi`@/v bTQi K`F2i M/ ?Qr
i?2 T`B+2 M/ /BbTi+? +?M;2b rBi? p`B#H2 rBM/ T`Q/m+iBQMX
h?2 mM/2`HvBM; /i b2i i?i Bb mb2/ 7Q` i?2 /Bz2`2Mi +b2 bim/B2b Bb T`2b2Mi2/ BM
i?2 7QHHQrBM; b2+iBQMbX q2 rBHH `272` iQ i?2 ǴiQ/vǴ bBimiBQM b kyRy BM i?2 `2bmHib-
bBM+2 i?2 Hi2bi +QKT`2?2MbBp2 ;2M2`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`BM; i?2 2z2+i Q7 /Bz2`2Mi rBM/ TQr2` 7Q`2+bib QM T`B+2b- ;2M2`iBQM /BbTi+?
M/ +QMbmKTiBQMX i Hbi r2 rBHH T2`7Q`K  b2MbBiBpBiv MHvbBb rBi? 7Q+mb QM ?Qr
/Bz2`2Mi +`#QM T`B+2b M/ 722/@BM i`Bzb 7Q` #BQ TQr2` ;2M2`iBQM z2+i i?2 `2bmHibX
dXR SQr2` J`F2i BM kyRy M/ kyky
h?2 `2bmHi Q7  `mM Q7 i?2 KQ/2H QM i?2 #b2 +b2 BM kyRy rBi? i?2 J2/BM rBM/
7Q`2+bi T`Q/m+2b i?2 ;2M2`iBQM /BbTi+? BM 6B;m`2 dXRX b 2tT2+i2/- Mm+H2`-
HB;MBi2- `mM@Q7@`Bp2` M/ +QH ;2M2`iBQM Bb `2bTQMbB#H2 7Q` i?2 #b2 HQ/X >v/`Q
;2M2`iBQM iF2b bQK2 Q7 i?2 /2KM/ BM+`2b2 /m`BM; i?2 /v- #mi Bi Bb KQbiHv
Mim`H ;b ;2M2`iBQM i?i `KTb mTX i i?2 2M/ Q7 i?2 /v- +QH ;2M2`iBQM Bb
`KTBM; /QrMX h?Bb Bb  `2bmHi Q7 T`Q/m+2`b MQi ?pBM; iQ iF2 BMiQ ++QmMi i?2
bm#b2[m2Mi `KTBM; +Qbi i?2 7QHHQrBM; /vX "BQ@7m2H2/ ;2M2`iBQM Bb MQi mb2/ i
HH- r?B+? Bb MQi `2HBbiB+ ;Bp2M i?2 722/@BM i`Bz BM :2`KMvX PBH ;2M2`iBQM Bb HbQ
#b2Mi 7`QK i?2 ;2M2`iBQM /BbTi+?X AM kyky U6B;m`2 dXkV i?2 bBimiBQM Bb KQbiHv
i?2 bK2- #mi rBi? bB;MB}+MiHv ?B;?2` rBM/ M/ bQH` T`Q/m+iBQM i?i Qzb2i bQK2
Q7 i?2 `2/m+iBQM BM Mm+H2` +T+BivX
h?2 bvbi2K T`B+2R /2+`2b2b 7`QK 8RX83 1l_fJq? BM kyRy iQ 9NX89 1l@
_fJq? BM kykyX AM 6B;m`2 dXj r2 +M b22 i?i i?Bb Bb ii`B#mi2/ iQ  /BT BM
i?2 T`B+2 /m`BM; i?2 /v- 2p2M i?Qm;? i?2 T`B+2b BM+`2b2 /m`BM; i?2 MB;?iX h?2
#2M2}i Bb KQbiHv b22M BM :2`KMv M/ i?2 L2i?2`HM/b- r?2`2 i?2 T`B+2b /2+`2b2
#v jX3 M/ 8XR 1l_fJq? `2bT2+iBp2Hv b b22M BM h#H2 dXRX AM .2MK`F M/
LQ`rv r2 b22  KQ/2bi BM+`2b2 BM i?2 T`B+2b- M/ Qp2`HH i?2`2 Bb  +QMp2`;2M+2
Q7 i?2 T`B+2b BM kykyX
Rh?2 ;;`2;i2 pQHmK2@r2B;?i2/ T`B+2 7Q` HH MQ/2b
d8
*?Ti2` dX _2bmHib
6B;m`2 dXR, ;;`2;i2 ;2M2`iBQM /BbTi+? BM kyRy
6B;m`2 dXk, ;;`2;i2 ;2M2`iBQM /BbTi+? BM kyky
h?2 T`B+2 /BT +M #2 2tTHBM2/ #v i?2 BM+`2b2/ bQH` T`Q/m+iBQM BM :2`KMvX
AM i?2 `2bmHib- :2`KMv ?b  ;2M2`iBQM bm`THmb /m`BM; i?2 KQ/2H2/ /v BM kyky
BM +QMi`bi iQ kyRy- M/ Bb 2tTQ`iBM; TQr2` iQ Bib M2B;?#Q`BM; +QmMi`B2b b b22M BM
6B;m`2 dX9X "27Q`2 i?2 HBM2b 7`QK a+M/BMpB iQ :2`KMv rb 2tTQ`iBM; i 7mHH
+T+Biv- r?BH2 BM kyky :2`KMv Bb i?2 QM2 2tTQ`iBM;X :2`KMv HbQ ?b  T`B+2
de
*?Ti2` dX _2bmHib
6B;m`2 dXj, >Qm`Hv bvbi2K T`B+2
LQ/2 kyRy kyky .Bz2`2M+2
U1l_fJq?V U1l_fJq?V U1l_fJq?V
.1 88Xd9 8RXNR −3.82
.E 99XNN 9eX93 1.48
:" 9NX39 9NXNR 0.07
LG 8eXyj 8yXNR −5.12
LP 9RXd8 9jXe8 1.90
a1 99Xj9 99Xjy −0.04
aua 8RX83 9NX89 −2.04
h#H2 dXR, `2 T`B+2b BM kyRy M/ kyky
BM+`2b2 /m`BM; i?2 MB;?i BM kyky- r?B+? +mb2b M BM+`2b2 BM i?2 bvbi2K T`B+2X 
`2bQM#H2 bbmKTiBQM rQmH/ #2 iQ i?BMF i?Bb rb +mb2/ #v i?2 BM+`2b2/ BMi2`+QM@
M2+iBQM i MB;?i- #mi :2`KMv Bb 2tTQ`iBM; H2bb TQr2` i MB;?i BM kyky +QKT`2/
iQ kyRyX PM2 `2bQM Bb i?i :2`KMv ?b HQbi ky :q Q7 #b2HQ/ +T+Biv- M/
i?Bb Bb 7m`i?2` HQr2`2/ bBM+2 1QM /Q2b MQi miBHBx2 kXj :q Q7 i?2B` bT`2 +QH@}`2/
+T+BivX b  `2bmHi- i?2 K`F2i T`B+2 BM :2`KMv /m`BM; i?2 MB;?i Bb `QmM/ 9R
1l_fJq?X Hi?Qm;? i?Bb Bb HQr2` i?M i?2 K`;BMH +Qbi Q7 Mim`H ;b T`Q/m+@
iBQM- i?2 7`BM;2 +?QQb2b iQ QT2`i2 k :q Q7 Mim`H ;b T`Q/m+iBQM r?2`2 i?2 HQbb
/m`BM; i?2 MB;?i Bb Qzb2i #v i?2 bp2/ `KTBM; +QbiX
dd
*?Ti2` dX _2bmHib
6B;m`2 dX9, *QKT`BbQM Q7 i?2 i`MbKBbbBQM BM kyRy M/ kyky i Rj,yy
AM i?2 Qp2`HH i`MbKBbbBQM miBHBxiBQM `i2b BM h#H2 dXk- Bi +M #2 b22M i?i
i?2 miBHBxiBQM ;Q2b /QrM QM KQbi Q7 i?2 HBM2b BM kyky +QKT`2/ iQ kyRyX h?Bb Bb
KQbi BMbiM+2b /m2 iQ i?2 BM+`2b2/ +T+Biv QM i?2 HBM2b- M/ i?2 bT`2 +T+Biv Bb
QM2 Q7 i?2 `2bQMb r?v i?2 `2 T`B+2b- BM h#H2 dXR- +QMp2`;2/ KQ`2X P7 i?2 M2r
TQr2` HBM2b- i?2 HBM2 7`QK LQ`rv iQ :`2i "`BiBM Bb i?2 QM2 i?i Bb mb2/ i?2 KQbi-
Hi?Qm;? i?2 p2`;2 T`B+2 /Bz2`2M+2 Bb H`;2` #2ir22M LQ`rv M/ :2`KMvX
h`MbKBbbBQM HBM2 kyRy kyky
.1@LG je W 93 W
.E@.1 Nk W ej W
LG@:" dj W ey W
LP@.1 Lf dj W
LP@.E 33 W eN W
LP@:" Lf Ny W
LP@LG Nk W dk W
LP@a1 d8 W 9R W
a1@.1 N9 W e3 W
a1@.E e3 W 8e W
h#H2 dXk, h`MbKBbbBQM miBHBxiBQM `i2b J2/BM 7Q`2+bi
h?2 +QMbmKTiBQM BM i?2 `2bmHib BM+`2b2/ BM kyky /m2 iQ i?2 ?B;?2` /2KM/ 7Q`
d3
*?Ti2` dX _2bmHib
2H2+i`B+Biv- rBi?  iQiH Q7 9XR WX *QKT`2/ iQ i?2 `272`2M+2 1m`2H2+i`B+ T`QD2+@
iBQMb i?i r2 mb2/ 7Q` i?2 /2KM/- +QMbmK2`b BM :2`KMv M/ i?2 L2i?2`HM/b
?b  `2HiBp2 BM+`2b2 Q7 i?2B` +QMbmKTiBQM #v yXN M/ RXd T2`+2Mi;2 TQBMibX h?Bb
BM+`2b2 +QK2b /m`BM; i?2 /v M/ i?2 2p2MBM;X *QMbmK2`b BM .2MK`F M/ LQ`@
rv /2+`2b2 i?2B` +QMbmKTiBQM #v yXd M/ RXR T2`+2Mi;2 TQBMib `2HiBp2 iQ i?2
T`QD2+iBQMbX :`2i "`BiBM M/ ar2/2M b?Qr BMbB;MB}+Mi /Bz2`2M+2bX
dXk 1z2+i Q7 J`F2i SQr2`
 +2Mi`H T`i Q7 Qm` KQ/2H Bb i?2 #BHBiv iQ `2T`2b2Mi K`F2i TQr2` #b2/ QM i?2
+QMD2+im`H p`BiBQMb TT`Q+?X hQ /2i2`KBM2  T`QT2` H2p2H Q7 i?2MP T`K2i2`-
r2 `M i?2 KQ/2H 7Q` bBt /Bz2`2Mi K`F2i TQr2` 7+iQ`b 7`QK y iQ R 7Q` i?2 #B;;2bi
THv2`b- r?BH2 i?2 +QKT2iBiBp2 7`BM;2 ?b MQ K`F2i TQr2`X h?Bb rb /QM2 mbBM;
Qm` /i b2i 7Q` kyRy rBi? i?2 J2/BM rBM/ 7Q`2+bi rBi?Qmi Mv mM+2`iBMivX
h?2 KQbi BKTQ`iMi [m2biBQM iQ Mbr2` Bb B7 i?2 T`Q/m+2`bǶ T`Q}i `2 BM+`2bBM;
rBi? JS Q` MQiX M MHvbBb Q7 i?2 T`Q}ib BM 6B;m`2 dX8 b?Qrb i?i 1QM Bb KQbi
T`Q}i#H2 r?2M i?2 K`F2i TQr2` 7+iQ` Bb yX9- r?BH2 Bi Bb yXe 7Q` _q1X h?2 Qi?2`
T`Q/m+2`b ?p2 BM+`2bBM; T`Q}i rBi?  ?B;?2` JS 7+iQ`X 1QM M/ _q1 i`v iQ
HQr2` i?2B` T`Q/m+iBQM- #mi i?2 /2+`2b2 Bb `2TH+2/ #v ;2M2`iBQM 7`QK i?2 7`BM;2X
6B;m`2 dX8, S`Q}i Q7 i?2 T`Q/m+2`b rBi? p`vBM; K`F2i TQr2` 7+iQ`
h?2 T`B+2b `2 ;2M2`HHv HQr2` BM Qm` KQ/2H `mMb +QKT`2/ iQ i?2 `272`2M+2
T`B+2b- 2t+2Ti 7Q` LQ`rv M/ ar2/2M r?2`2 i?2 T`B+2b `2  #Bi ?B;?2`X h?Bb Kv
#2 /m2 iQ i?2 7+i i?i r2 `mM i?2 KQ/2H rBi? kyRy ;2M2`iBQM +T+Biv /i- #mi
r2 +QKT`2 rBi? T`B+2b +QHH2+i2/ BM kyRRX Pm` +Qbib bbmKTiBQMb HbQ z2+i i?2
dN
*?Ti2` dX _2bmHib
`2bmHibX 6B;m`2 dXe b?Qrb i?2 T`B+2b BM :2`KMv M/ i?2 L2i?2`HM/b 7Q` b2H2+i2/
JS H2p2Hb- i?2 T`B+2b 7Q` JS H2p2Hb y M/ yXk `2 Km+? HQr2` i?M i?2 `272`2M+2-
T`iB+mH`Hv /m`BM; i?2 MB;?iX GQQFBM; i i?2 bH2b BM 6B;m`2 dXd `2p2Hb i?2 bK2
i`2M/- i?2 bH2b 7Q` i?2 JS H2p2Hb y M/ yXk Bb iQQ ?B;? /m`BM; i?2 MB;?i `2HiBp2 iQ
i?2 `272`2M+2 bH2b- r?BH2 yX9 M/ #Qp2 `2 KQ`2 BM HBM2 rBi? i?2 `272`2M+2X
6B;m`2 dXe, S`B+2 BM :2`KMv M/ i?2 L2i?2`HM/b rBi? p`vBM; K`F2i TQr2`
h?2 T`Q}i `2bmHib BM/B+i2 i?i Bi Bb QMHv 1QM M/ _q1 i?i `2 H`;2 2MQm;?
iQ BKT+i i?2 T`B+2b QM i?2B` QrM- i?2 /2}MBiBQM Q7 K`F2i TQr2`X "mi- `mMMBM;
i?2 KQ/2H rBi? QMHv 1QM M/ _q1 2t2`iBM; K`F2i TQr2` `2bmHib BM iQQ HQr T`B+2b
M/ iQQ ?B;? bH2b +QKT`2/ iQ };m`2b #Qp2X aBM+2 i?2 2H2+i`B+Biv K`F2i Bb [mBi2
BM2HbiB+- Bi KF2b b2Mb2 iQ Tmi bQK2 r2B;?i QM Ki+?BM; i?2 KQ/2H2/ bH2b rBi?
i?2 `272`2M+2X h?Bb BHHmbi`i2b bQK2 Q7 i?2 T`Q#H2Kb rBi? i?2 +QMD2+im`H p`BiBQMb
TT`Q+?- M/ Bb  `2bmHi Q7 iQQ Km+? ;2M2`iBQM +T+Biv +QMi`QHH2/ #v T`Q/m+2`b
rBi?Qmi K`F2i TQr2`X "b2/ QM i?2 7+i i?i 1QM ?b i?2 ?B;?2bi T`Q}i rBi? 
yX9 K`F2i TQr2` 7+iQ`- M/ i?i 2bT2+BHHv i?2 bH2b `2 iQQ ?B;? rBi? M JS
H2p2H Q7 y Q` yXk- r2 +?QQb2 iQ KQ/2H HH i?2 2tTHB+BiHv BM+Hm/2/ T`Q/m+2`b rBi? yX9
b i?2 JS 7+iQ`X
b  `2bmHi- i?2 bvbi2K T`B+2 BM+`2b2b #v eX3R 1l_fJq? 7`QK 99Xd8 1l@
_fJq? iQ 8RX8e 1l_fJq? #2ir22M i?2 T2`72+iHv +QKT2iBiBp2 +b2 M/ i?2 KQ/2H
rBi? i?2 +?Qb2M JS 7+iQ`bX h?2 T`B+2 BM+`2b2 Bb H`;2bi BM :2`KMv r?2`2 i?2
T`B+2 BM+`2b2b 7`QK 98X8N 1l_fJq? iQ 88XdR 1l_fJq?X h?2`2 `2 KMv H`;2
T`Q/m+2`b BM :2`KMv- M/ i?2v `2 #H2 iQ BM+`2b2 i?2 T`B+2 2bT2+BHHv /m`BM;
i?2 MB;?iX LQ`rv b22b HKQbi MQ BM+`2b2 BM i?2 T`B+2- ;QBM; 7`QK 9RXRd iQ 9RXde
1l_fJq?- /m2 iQ  H`;2 7`BM;2 rBi? bT`2 ?v/`QTQr2` +T+BivX
3y
*?Ti2` dX _2bmHib
6B;m`2 dXd, ;;`2;i2 bH2b BM i?2 KQ/2H rBi? p`vBM; K`F2i TQr2`
dXj 1z2+i Q7 qBM/ lM+2`iBMiv
hQ bim/v i?2 2z2+i Q7 BM+Hm/BM; biQ+?biB+ rBM/ BM i?2 KQ/2H- r2 +?2+F2/ i?2 kyky
+b2 rBi? i?2 >B;? rBM/ H2p2HX q2 ;2M2`i2/ 7Q`2+bib i?i ?/ /Bz2`2Mi H2p2Hb Q7
K2M p2`;2 2``Q` UJ1V- b b22M BM h#H2 dXjX
*Qp`BM+2 Ki`Bt J1 UWV
lMKQ/B}2/ jXyĜ8Xj
.Qm#H2 8X8ĜdX3
h`BTH2 dX3ĜRjXj
Zm/`mTH2 dX9ĜR3Xe
h#H2 dXj, J1 Q7 KQ/B}2/ b+2M`BQb
h?2 }`bi bT2+i iQ bim/v Bb ?Qr /Q i?2 2tT2+i2/ T`B+2b +QKT`2 iQ i?2 2[mBp@
H2Mi /2i2`KBMBbiB+ T`B+2b\ h?2 bvbi2K T`B+2 im`M2/ Qmi iQ #2 HQr2` BM HH i?2
+b2b- Hi?Qm;? MQi #v Km+?X h?2 2tT2+i2/ T`B+2 BM i?2 lMKQ/B}2/ +b2 rb e
+2Mib HQr2` T2` Jq? +QKT`2/ iQ i?2 2[mBpH2Mi /2i2`KBMBbiB+ `2bmHi U9dX8j pbX
9dX8N 1l_fJq?V- r?BH2 BM i?2 h`BTH2 +b2 rb Rj +2Mib HQr2` U9dX98 pbX 9dX83
1l_fJq?VX h?2 `2 T`B+2b- BM h#H2 dX9 b?Qr2/ bHB;?iHv H`;2` /2pBiBQMb- rBi?
.2MK`F M/ :`2i "`BiBM b QmiHB2`bX h?2 T`B+2b BM .2MK`F BM+`2b2 rBi? i?2
biQ+?biB+ rBM/- r?BH2 i?2v ;2i HQr2` BM :`2i "`BiBMX h?2 T`B+2 +?M;2b BM BM@
/BpB/mH +QmMi`B2b Kv #2 /m2 iQ  b?B7i BM r?2`2 i?2 T`Q/m+iBQM Bb ;2M2`i2/-
.2MK`F ?b M p2`;2 Q7 kX8 W M/ 3Xd W BM+`2b2 BM /QK2biB+ +QH T`Q/m+iBQM
3R
*?Ti2` dX _2bmHib
BM i?2 lMKQ/B}2/ M/ Zm/`mTH2 +b2 ++Q`/BM;Hv- r?B+? rQmH/ `Bb2 i?2 K`;BMH
+Qbib /m2 iQ i?2 [m/`iB+ +Qbi i2`K M/ Kv /`Bp2 i?2 T`B+2 mTr`/bX h?2 b?B7i
BM :`2i "`BiBM b22Kb iQ bi2K 7`QK HQr2` T`B+2b i MB;?i- rBi? `2bmHiBM; ?B;?2`
+QMbmKTiBQM- i?i #`BM; /QrM i?2 `2 T`B+2X
*QmMi`v lMKQ/B}2/ .Qm#H2 h`BTH2 Zm/`mTH2
U1l_fJq?V U1l_fJq?V U1l_fJq?V U1l_fJq?V
.1 0.01 0.00 −0.02 0.12
.E 0.23 0.33 0.43 0.70
:" −0.15 −0.19 −0.34 −0.35
LG −0.09 −0.12 −0.22 −0.11
LP −0.02 0.03 0.07 0.05
a1 −0.02 0.04 0.08 0.06
h#H2 dX9, *?M;2 BM `2 T`B+2b +QKT`2/ iQ 2[mBpH2Mi /2i2`KBMBbiB+ T`Q#H2K
h?2 bHB;?iHv BM+`2b2/ bvbi2K T`B+2b BM/B+i2b i?i i?2 T`Q/m+iBQM ?b BM+`2b2/
bHB;?iHv iQ #2 #H2 iQ ?M/H2 i?2 mM+2`iBM rBM/X GQQFBM; +HQb2` i i?2 T`Q/m+iBQM
`2p2Hb i?i i?2 T`Q/m+2`b `2 /BbTi+?BM; KQ`2 Mim`H ;b QM p2`;2 i i?2
2tT2Mb2 Q7 +QH M/ ?v/`QTQr2` T`Q/m+iBQMX AM i?2 lMKQ/B}2/ +b2 Mim`H ;b
/BbTi+? BM+`2b2b #v RXd W- r?BH2 +QH M/ ?v/`Q ;Q /QrM rBi? yX9 W M/ yXk
W `2bT2+iBp2HvX h?2 +?M;2b `2 H`;2` BM i?2 Zm/`mTH2 +b2- r?2`2 Mim`H ;b
T`Q/m+iBQM BM+`2b2b #v 9XR8 W- r?BH2 +QH M/ ?v/`Q T`Q/m+iBQM #Qi? /2+`2b2 #v
yXN WX h?2 ?Qm`Hv #bQHmi2 +?M;2 7Q` i?2 Zm/`mTH2 +b2 +M #2 b22M BM 6B;m`2
dX3X
dX9 _Q#mbiM2bb Q7 i?2 SQr2` J`F2i
q2 `M i?2 KQ/2H rBi? i?2 7Qm` /Bz2`2Mi rBM/ 7Q`2+bib 7`QK i?2 /i b2i iQ +?2+F
i?2 `Q#mbiM2bb Q7 i?2 TQr2` K`F2iX h?2 }`bi i?`22 7Q`2+bib +Q``2bTQM/ iQ i?2
[m`iBH2b Q7 i?2 ?BbiQ`B+ /i b2iX h?2 7Qm`i? 7Q`2+bi rb +?Qb2M iQ b22 ?Qr i?2
bvbi2K ?M/H2b  H`;2 BM~mt Q7 rBM/ i MB;?i- #27Q`2 Bi 7HHb /m`BM; /viBK2X q2ǶHH
}`bi T`2b2Mi i?2 `2bmHib QM i?2 J2/BM +b2- #27Q`2 r2 +QKT`2 rBi? i?2 Qi?2`bX q2
+QMbB/2` i?2 `Q#mbiM2bb iQ #2 i?2 bvbi2KǶb #BHBiv iQ `2KBM mMz2+i2/ r?2M i?2
rBM/ TQr2` Bb mM+2`iBM- M/ rBHH i?2`27Q`2 bim/v i?2 T`B+2 pQHiBHBiv BM  +b2 M/
i?2 /Bz2`2M+2 #2ir22M i?2 T`B+2 #2ir22M i?2 /Bz2`2Mi 7Q`2+bibX h?2 T`Q/m+iBQM
p`B#BHBiv Bb HbQ BMi2`2biBM;- bBM+2 Bi b?Qrb r?i i2+?MQHQ;B2b `2 `2bTQMbB#H2 7Q`
#HM+BM; i?2 mM+2`iBM rBM/X
dX9XR J2/BM
6B;m`2 dXN b?Qrb i?2 T`B+2 pQHiBHBiv- b i?2 biM/`/ /2pBiBQM Q7 i?2 T`B+2- 7Q` i?2
J2/BM +b2 BM kyRyX h?2 `2bmHi b?Qrb i?i LQ`rv- M/ iQ bQK2 /2;`22 :`2i
"`BiBM ?b HKQbi x2`Q p`B#BHBiv BM i?2 T`B+2X :2`KMv- .2MK`F- ar2/2M M/
3k
*?Ti2` dX _2bmHib
6B;m`2 dX3, *?M;2 BM i?2 /BbTi+? 7Q` i?2 Zm/`mTH2 +b2 +QKT`2/ iQ i?2 /2i2`@
KBMBbiB+ 2[mBpH2MiX
i?2 L2i?2`HM/b b?Qr  ?B;?2` /2;`22 Q7 p`B#BHBivX AM kyky i?2 TB+im`2 +?M;2b
U6B;m`2 dXNV- i?2 p`B#BHBiv HKQbi pMBb?2b i MB;?i M/ i?2 KB//H2 Q7 i?2 /v-
#mi rBi? H`;2 T2Fb `QmM/ i?2 KQ`MBM; M/ i?2 2`Hv 2p2MBM; ?Qm`bX h?Bb +M
T`iHv #2 +mb2/ #v i?2 //BiBQMH i`MbKBbbBQM HBM2b rBi? HQr2` miBHBxiBQM `i2b
BM kyky i?i BM+`2b2 i?2 ~2tB#BHBiv Q7 i?2 bvbi2KX h?2 //BiBQMH bQH` TQr2`
/m`BM; i?2 KB//H2 Q7 i?2 /v HbQ 7`22b mT +T+BivX h?i i?2 T2Fb `2 ?B;?2` `2
mM/2`biM/#H2 7`QK i?2 7+i i?i i?2 ;`Qri? BM rBM/ TQr2` +T+Biv ?b 2t+22/2/
Qi?2` i2+?MQHQ;B2b- M/ ?2M+2 i?2 ;;`2;i2 mM+2`iBMiv Bb ?B;?2`X
*QH- Mim`H ;b M/ ?v/`Q ;2M2`iBQM `2 `2bTQMbB#H2 7Q` #HM+BM; i?2 biQ+?b@
iB+ rBM/ BM kyRy- b b22M BM 6B;m`2 dXRRX h?2 #HM+BM; /QM2 #v ?v/`QTQr2` Bb
T`2/QKBMMiHv BM LQ`rv- r?BH2 :2`KM T`Q/m+2`b QT2`i2 KQbi Q7 i?2 #HM+BM;
/QM2 #v +QH TQr2` ;2M2`iBQMX S`Q/m+2`b BM #Qi? :2`KMv M/ :`2i "`BiBM +QM@
i`B#mi2 iQ i?2 #HM+BM; rBi? i?2B` Mim`H ;b T`Q/m+iBQMX AM kyky i?2 bBimiBQM
+?M;2b- +QH ;2M2`iBQM Bb MQi mb2/ b Km+? b  #HM+BM; bQm`+2- b Bi Bb QT2`i@
BM; +HQb2 iQ +T+BivX AM+`2b2/ BMi2`+QMM2+iBQM rBi? i?2 +QMiBM2Mi HHQrb LQ`rv
M/ ar2/2M iQ BM+`2b2 i?2B` #HM+BM; +QMi`B#miBQM 7`QK ?v/`QTQr2` /m`BM; i?2
MB;?i M/ i?2 KB//H2 Q7 i?2 /vX Lim`H ;b T`Q/m+iBQM `KTb mT BM i?2 KQ`MBM;
rBi? T`Q/m+2`b BM :2`KMv- :`2i "`BiBM M/ i?2 L2i?2`HM/b +QMi`B#miBM; M
HKQbi 2[mH b?`2 iQ i?2 #HM+BM; Q7 i?2 biQ+?biB+ rBM/X
dX9Xk GQr- >B;? M/ .BT
h?2 T`B+2 pQHiBHBiv 7Q` i?2 Qi?2` 7Q`2+bib /Q2b MQi b?Qr Mv +QM+HmbBp2 /Bz2`2M+2bX
GQr M/ >B;? b?Qr i?2 bK2 Qp2`HH /2p2HQTK2Mi b i?2 J2/BM 7Q`2+bi BM kyky
3j
*?Ti2` dX _2bmHib
6B;m`2 dXN, oQHiBHBiv Q7 i?2 T`B+2 BM kyRy J2/BM
6B;m`2 dXRy, oQHiBHBiv Q7 i?2 T`B+2 BM kyky J2/BM
BM 6B;m`2 dXRy- 2t+2Ti i?i :2`KMv- :`2i "`BiBM- M/ i?2 L2i?2`HM/b ?b M
2ti` bTBF2 /m`BM; i?2 MB;?i rBi? i?2 >B;? 7Q`2+biX Ai Bb i?2`27Q`2 KQ`2 BMi2`2biBM;
iQ b22 ?Qr bi#H2 i?2 T`B+2b `2- 6B;m`2 dXRj b?Qrb i?2 ?Qm`Hv bvbi2K T`B+2 7Q`
i?2 /Bz2`2Mi rBM/ 7Q`2+bib BM kykyX h?2 T`B+2 `2bmHiBM; 7`QK i?2 GQr 7Q`2+bi
`2b2K#H2b i?2 T`B+2 BM i?2 J2/BM 7Q`2+bi- #mi rBi? ?B;?2` T2Fb BM i?2 KQ`MBM;
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*?Ti2` dX _2bmHib
6B;m`2 dXRR, aiM/`/ /2pBiBQM Q7 i?2 T`Q/m+iBQM BM kyRy J2/BM
6B;m`2 dXRk, aiM/`/ /2pBiBQM Q7 i?2 T`Q/m+iBQM BM kyky J2/BM
M/ 2p2MBM;X h?2 T`B+2 `2bmHiBM; 7`QK i?2 >B;? 7Q`2+bi /2pBi2b bQK2r?i 7`QK
i?2 J2/BM 7Q`2+bi /m`BM; i?2 MB;?i- #mi Bb Qi?2`rBb2 bBKBH`X h?2 .BT 7Q`2+bi
b?Qrb [mBi2 /Bp2`;BM; T`B+2b +QKT`2/ iQ i?2 Qi?2` 7Q`2+bibX h?2 T`B+2 Bb Km+?
HQr2` /m`BM; i?2 MB;?i- #mi ?B;?2` /m`BM; i?2 KB//H2 Q7 i?2 /vX h?2 HQr2` T`B+2 i
MB;?i Bb /m2 iQ iQ i?2 H`;2 KQmMi Q7 rBM/ T`Q/m+iBQM- M/ aiiF`7i QT2`i2 i?2B`
38
*?Ti2` dX _2bmHib
TmKT biQ`;2 THMi BM LQ`rvX "mi- #2+mb2 Q7 i?2 ?B;? rBM/ 722/@BM i MB;?i-
i?2`2 Bb MQi b Km+? #b2 HQ/ +T+Biv `mMMBM; M/ i?2 T`B+2b biv ?B;? /m`BM;
i?2 KB//H2 Q7 i?2 /vX
6B;m`2 dXRj, >Qm`Hv bvbi2K T`B+2 7Q` /Bz2`2Mi rBM/ 7Q`2+bib BM kyky
 HQQF i i?2 T`Q/m+iBQM p`B#BHBiv `2p2Hb i?i +QH T`Q/m+2`b `2 +QMi`B#miBM;
iQ i?2 #HM+BM; Q7 i?2 biQ+?biB+ rBM/ BM i?2 >B;? 7Q`2+bi- BM +QMi`bi iQ i?2
J2/BM M/ GQr 7Q`2+bibX AM i?2 .BT +b2 2p2M HB;MBi2 T`Q/m+2`b bi2T BM iQ +QmMi2`
i?2 rBM/ p`B#BHBivX h?2 T`Q/m+2`b `2 #H2 iQ /Q i?Bb #2+mb2 i?2v QT2`i2 rBi?
bT`2 +T+BivX
Pp2`HH i?2 k9@?Qm` ;;`2;i2 +QMbmKTiBQM BM kyky /Q2b MQi p`v Km+? KQM;
i?2 b+2M`BQbX h?2 ;;`2;i2 bH2b BM i?2 GQr M/ >B;? 7Q`2+bi `2 rBi?BM QM2
T2`+2Mi;2 TQBMi Q7 i?2 bH2b BM i?2 J2/BM 7Q`2+biX h?2 bH2b BM i?2 .BT 7Q`2+bi
Bb ?B;?2`- i mT iQ irQ T2`+2Mi;2 TQBMibX "mi- HQQFBM; i i?2 bH2b QM  ?Qm`Hv
#bBb `2p2Hb i?i i?2`2 `2 #B; /Bz2`2M+2bX h?2 GQr 7Q`2+bi bH2b Bb `2HiBp2Hv
bi#H2- #mi i?2 >B;? 7Q`2+bi b?Qrb +QMbmKTiBQM /Bz2`2M+2b Q7 `QmM/ 9 W i y9,yy
BM :2`KMv- :`2i "`BiBM M/ i?2 L2i?2`HM/bX h?Bb /Bz2`2M+2 Bb 2p2M KQ`2
T`QMQmM+2/ BM i?2 .BT 7Q`2+bi- rBi?  iQiH BM+`2b2 Q7 RRXe W i yj,yyX Ai +M #2
[m2biBQM2/ r?2i?2` i?Bb +QMbmKTiBQM BM+`2b2 Bb TQbbB#H2 BM `2bTQMb2 iQ  ?B;? rBM/
722/@BM- M/ r?2i?2` Bi `i?2` b?QmH/ #2 HQr2`X h?Bb Bb z2+i2/ #v Qm` 2HbiB+Biv
bbmKTiBQM- M/ +QmH/ BM/B+i2 i?i i?2 2HbiB+Biv Bb iQQ ?B;? 7Q` i?Bb ?Qm` Q7 i?2
/vX  KQ`2 BM2HbiB+ /2KM/ +m`p2 rQmH/ H2/ iQ HQr2` T`B+2b 7Q` i?2 bK2 +?M;2
BM bH2bX
3e
*?Ti2` dX _2bmHib
dX8 a2MbBiBpBiv MHvbBb
q2 T2`7Q`K2/ b2MbBiBpBiv MHvbBb QM i?2 KQ/2H iQ b22 ?Qr i?2 `2bmHib +?M;2 rBi?
p`vBM; bbmKTiBQMbX AM i?2 bb2bbK2Mi Q7 i?2 /i b2i BM a2+iBQM 8Xd r2 K2MiBQM2/
i?i r2 +QMbB/2`2/ i?2 +`#QM T`B+2 bbmKTiBQM iQ #2  bQm`+2 Q7 mM+2`iBMivX "BQ
TQr2` rb HbQ #b2Mi 7`QK Qm` `2bmHib- bQ r2 rBHH +?2+F r?i 2z2+i i?Bb ?/ QM i?2
/BbTi+? M/ T`B+2bX Pi?2` /BK2MbBQMb i?i +QmH/ #2 BMi2`2biBM; iQ bim/v #mi `2
MQi BM+Hm/2/ BM i?Bb i?2bBb `2 i?2 /2KM/ 2HbiB+Biv- i?2 ri2` pHm2- M/ /Bz2`2Mi
+b2b Q7 ;2M2`iBQM M/ i`MbKBbbBQM +T+BivX
dX8XR *`#QM S`B+2
hQ +?2+F i?2 +`#QM T`B+2 b2MbBiBpBiv- r2 `mM i?2 KQ/2H rBi?  `2H +`#QM T`B+2
Q7 ky M/ jy 1l_fiQM- +QKT`2/ iQ i?2 Ry 1l_fiQM +`#QM T`B+2 BM i?2 #Qp2
`2bmHibX h?2 /Dmbi2/ K`;BMH M/ `KTBM; +Qbib 7Q` i?2 7QbbBH 7m2Hb `2 BM h#H2
dX8 M/ dXeX
*`#QM T`B+2 b+2M`BQ
h2+?MQHQ;v Ry 1l_fiQM ky 1l_fiQM jy 1l_fiQM
U1l_fJq?V U1l_fJq?V U1l_fJq?V
GB;MBi2 jy 9y 8R
*QH je 98 8j
:b 93 8R 88
PBH R93 R88 Rek
h#H2 dX8, MCt BM i?2 +`#QM T`B+2 b2MbBiBpBiv MHvbBb
*`#QM T`B+2 b+2M`BQ
h2+?MQHQ;v Ry 1l_fiQM ky 1l_fiQM jy 1l_fiQM
U1l_fJq?V U1l_fJq?V U1l_fJq?V
GB;MBi2 ee Ny RR8
*QH 3k Ryj Rk9
:b 9y 9k 99
PBH ee eN dk
h#H2 dXe, RCt BM i?2 +`#QM T`B+2 b2MbBiBpBiv MHvbBb
h?2 T`Q/m+iBQM 7Q` i?2 z2+i2/ i2+?MQHQ;B2b `2 T`2b2Mi2/ BM 6B;m`2 dXR9X AM
;2M2`H- +QH T`Q/m+iBQM /2+`2b2b- r?BH2 Mim`H ;b M/ ?v/`QTQr2` BM+`2b2X
:2`KM T`Q/m+iBQM Bb i?2 KQbi z2+i2/ #v i?2 BM+`2b2/ +`#QM T`B+2- r?2`2 i?2
+QH ;2M2`iBQM Bb KQ`2 i?M ?Hp2/ #2ir22M i?2 Ry M/ jy 1l_fiQM b+2M`BQX
h?2 /B`iB2` HB;MBi2@}`2/ ;2M2`iBQM Bb MQi `2/m+2/ mMiBH i?2 +`#QM T`B+2 `2+?2b jy
1l_fiQM- b Bi Bb biBHH +QMbB/2`#H2 +?2T2` i?M `2;mH` +QHX
3d
*?Ti2` dX _2bmHib
6B;m`2 dXR9, :2M2`iBQM Q7 b2H2+i2/ i2+?MQHQ;B2b ;BMbi i?2 +`#QM T`B+2 BM kyky
h?2 BM+`2b2/ +Qbi Q7 7QbbBH@7m2H2/ ;2M2`iBQM H2/b iQ M BM+`2b2/ T`B+2 BM i?2
bvbi2K- i?2 `2 M/ bvbi2K T`B+2b +M #2 b22M BM 6B;m`2 dXR8X :2M2`HHv-  Ry
1l_fiQM BM+`2b2 BM i?2 +`#QM T`B+2 H2/b iQ  jX8 1l_fJq? BM+`2b2 BM i?2
2H2+i`B+Biv T`B+2X h?2 ?B;?2bi BM+`2b2b `2 b22M QM i?2 +QMiBM2Mi- r?BH2 LQ`rv
M/ ar2/2M 2tT2`B2M+2 KQ`2 KQ/2bi BM+`2b2bX h?2 miBHBxiBQM Q7 i?2 ?v/`QTQr2`
THMib BM+`2b2 7`QK 8j W iQ 83 W BM ar2/2M- M/ e3 iQ d3 W BM LQ`rv- rBi?
i?2 ?B;?2bi BM+`2b2 b22M r?2M ;QBM; iQ ky 1l_fiQM b i?2 i`MbKBbbBQM HBM2b 7`QK
a+M/BMpB `2 `2+?BM; +T+BivX h?2b2 miBHBxiBQM `i2b `2 p2`v ?B;?- M/ rQmH/
BM/B+i2 i?i i?2 ri2` pHm2 ?b BM+`2b2/- H2/BM; iQ ?B;?2` T`B+2b BM LQ`rv M/
ar2/2MX
h?2`2 `2 MQ bB;MB}+Mi /Bz2`2M+2b BM i?2 T`B+2 pQHiBHBiv i?i `2 rQ`i? K2M@
iBQMBM;- #mi i?2 T`Q/m+iBQM p`B#BHBiv +?M;2bX Lim`H ;b ;2M2`iBQM #2+QK2b
BKTQ`iMi iQ #HM+2 i?2 biQ+?biB+ rBM/ i MB;?i- i i?2 2tT2Mb2 Q7 ?v/`QTQr2`X
S`iB+mH`Hv BM :2`KMv i?2`2 `2 bQK2 BMi2`2biBM; +?M;2b- i?2 jy 1l_fiQM b+2@
M`BQ Bb BHHmbi`i2/ BM 6B;m`2 dXReX *QH@}`2/ ;2M2`iBQM HQb2b BKTQ`iM+2 b 
+QMi`B#miQ` iQ i?2 #HM+BM;- rBi? HB;MBi2 TQr2` `2TH+BM; `2;mH` +QH BM i?2 jy
1l_fb+2M`BQX h?Bb +M #2 2tTHBM2/ #v i?2 7+i i?i i?2 K`;BMH +Qbib `2 H@
KQbi i?2 bK2- #mi i?2 `KTBM; +Qbi Q7 HB;MBi2@}`2/ ;2M2`iBQM Bb +?2T2`X AM i?2
jy 1l_fiQM b+2M`BQ- :2`KM T`Q/m+2`b HbQ mb2 #BQ TQr2` T`Q/m+iBQM iQ #HM+2
i?2 mM+2`iBM rBM/X
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*?Ti2` dX _2bmHib
6B;m`2 dXR8, avbi2K M/ `2 T`B+2 7Q` /Bz2`2Mi +`#QM T`B+2 b+2M`BQb BM kyky
6B;m`2 dXRe, S`Q/m+iBQM p`B#BHBiv BM :2`KMv 7Q` i?2 jy 1l_fiQM +`#QM T`B+2
b+2M`BQ
AM +QM+HmbBQM-  ?B;?2` +`#QM T`B+2 rBHH H2/ iQ ?B;?2` T`B+2b- ;2M2`HHv jX8
1l_fJq? T2` Ry 1l_fiQM BM+`2b2 BM i?2 +`#QM T`B+2X b  `2bmHi- i?2 ri2`
pHm2 Kv BM+`2b2 b r2HHX *QH T`Q/m+iBQM Bb ?Bi }`bi- #27Q`2 i?2 /B`iB2`- #mi
+?2T2`- HB;MBi2 T`Q/m+iBQM Bb T?b2/ QmiX h?2 `Q#mbiM2bb K2bm`2/ b i?2 T`B+2
3N
*?Ti2` dX _2bmHib
pQHiBHBiv /Q2b MQi b?Qr Mv bB;MB}+Mi +?M;2- #mi i?2 Lim`H :b ;2M2`iBQM
/Q2b #2+QK2 KQ`2 BKTQ`iMi 7Q` #HM+BM; i?2 biQ+?biB+ rBM/X
dX8Xk "BQ SQr2`
Ai Bb MQi `2HBbiB+ i?i Qm` `2bmHib b?Qr2/ MQ /BbTi+? Q7 #BQ TQr2`- #mi i?2 K`F2i
T`B+2 /B/ MQi ;2i ?B;? 2MQm;? 7Q` i?2 T`Q/m+iBQM iQ #2 T`Q}i#H2X AM `2HBiv- #BQ
TQr2` Bb bmTTQ`i2/ #v p`BQmb bm#bB/B2bX 622/@BM i`Bzb `2 mb2/ BM :2`KMv- r?BH2
:`2i "`BiBM M/ ar2/2M mb2  [mQi bvbi2K rBi? `2M2r#H2 2M2`;v +2`iB}+i2bkX
h?2b2 irQ b+?2K2b H2/ iQ /Bz2`2Mi BM+2MiBp2bX  :2`KM T`Q/m+2` rBHH MQi +`2
#Qmi i?2 K`F2i T`B+2- #mi `i?2` T`Q/m+2 b Km+? b ?2 +M /m`BM; i?2 r?QH2 /vX
 "`BiBb? Q` ar2/Bb? T`Q/m+2` rBHH iF2 BMiQ ++QmMi i?2 K`F2i T`B+2 M/ T`Q/m+2
r?2M i?2 K`F2i T`B+2 THmb i?2 +2`iB}+i2 T`B+2 Bb #Qp2 i?2 K`;BMH +QbiX AM kyRk-
:2`KMv HbQ BMi`Q/m+2/  M2r QTiBQMH T`2KBmK i`Bzj iQ HB;M i?2 BM+2MiBp2b Q7
i?2 `2M2r#H2 T`Q/m+2`b rBi? i?2 `2bi Q7 i?2 K`F2i U"Jl- kyRRVX
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`Bz #v bm#i`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pBH#BHBiv 7+iQ` Q7 :2`KM #BQ TQr2` THMib BM kyRyX
b  `2bmHi- *QH@}`2/ ;2M2`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;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TT`QtBK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HH T`Q/m+iBQM p`B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pBQ` 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i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i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BM h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M/ `M i?2 H;Q`Bi?K rBi?  }t2/ T2M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h?2 +QMp2`;2M+2 ;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b i?2
biQTTBM; +`Bi2`BQMX
h?2 M2ti K2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`B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M;2 7`QK QM2
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iBQM iQ i?2 M2ti BM i?2 Kbi2` T`Q#H2K- M/ Bb b?QrM BM 6B;m`2 3XkX h?2 +?M;2
7`QK QM2 Bi2`iBQM iQ i?2 M2ti Bb [mBi2 bKHH- r?B+? BM/B+i2b bHQr +QMp2`;2M+2 Q7
i?2 H;Q`Bi?KX
h?2 H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bm`2b /2T2M/ QM  FMQrM QTiBKH bQHmiBQM- M/ `2 i?2`2@
7Q`2 QMHv TQbbB#H2 iQ mb2 QM bKHH T`Q#H2Kb r?B+? +M #2 bQHp2/ rBi? i?2 MQM@
/2+QKTQb2/ KQ/2HX h?2 }`bi Bb i?2 bmK Q7 i?2 /2pBiBQMb 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iBQM 7`QK i?2 QTiBK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1``Q` *: /BpB/2/ #v i?2 iQiH T`Q}i
hQiH /2pBiBQM Hbi Bi2`iBQM amK Q7 i?2 #bQHmi2 pHm2 /2pBiBQMb Q7
i?2 T`Q/m+iBQM q 7`QK i?2 Hbi Bi2`iBQM
hQiH /2pBiBQM QTiBKH amK Q7 i?2 #bQHmi2 pHm2 /2pBiBQMb Q7
i?2 T`Q/m+iBQM q 7`QK i?2 QTiBKH bQ@
HmiBQM
Jt /2pBiBQM QTiBKH JtBKmK /2pBiBQM Q7 i?2 T`Q/m+iBQM
q 7`QK i?2 QTiBKH bQHmiBQM
h#H2 3XR, .Bz2`2Mi K2i?Q/b iQ K2bm`2 i?2 +QMp2`;2M+2
3XR- i?2 bQHmiBQM bi`ib Qmi #2BM; [mBi2 ;QQ/- #mi Bi Bb MQi mMiBH i?2 2M/ i?i i?2
bQHmiBQM ;2i bB;MB}+MiHv #2ii2`X
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M/ /2pBiBQM Q7 i?2 T`Q/m+iBQM 7`QK QTiBKH bQHmiBQM
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6B;m`2 3Xk, 1``Q` M/ /2pBiBQM Q7 i?2 T`Q/m+iBQM 7`QK Hbi Bi2`iBQM
3Xk *?QQbBM; i?2 S2MHiv oHm2b
b /2b+`B#2/ BM a2+iBQM 9Xk- `iB}+BH p`B#H2b `2 BM+Hm/2/ iQ 2Mbm`2 72bB#BHBiv BM
i?2 MQM@MiB+BTiBpBiv +QMbi`BMib BM i?2 }`bi Bi2`iBQMbX aBM+2 i?2 T2MHiv pHm2 Bb
 #QmM/ QM i?2 bbQ+Bi2/ /mH p`B#H2- Bi Kmbi #2 ?B;? 2MQm;? iQ 2Mbm`2 i?i i?2
T`Q#H2K +M #2+QK2 72bB#H2X AM 6B;m`2 3Xj i?2 KQ/2H Bb `mM rBi? /Bz2`2Mi T2MHiv
pHm2bX Ai Bb TT`2Mi i?i i?2 ?B;?2` i?2 T2MHiv- i?2 7bi2` i?2 T`Q#H2K #2+QK2b
72bB#H2- b i?2 BM+HmbBQM Q7 `iB}+H p`B#H2b Bb T2MHBx2/ KQ`2X A7 i?2 T2MHiv Bb
iQQ HQr- 2X;X yXR- i?2 T`Q#H2K M2p2` #2+QK2b 72bB#H2 #2+mb2 i?2 //2/ pHm2 7`QK
pBQHiBM; i?2 MQM@MiB+BTiBpBiv +QMbi`BMib Bb ?B;?2` i?M i?2 T2MHivX
h?2 M2ti [m2biBQM Bb r?i Qi?2` 2z2+ib i?2 T2MHiv pHm2b ?p2X 6B;m`2 3X9
b?Qrb i?2 +QMp2`;2M+2 ;T 7Q` /Bz2`2Mi T2MHiv pHm2b- M/ Bi Bb +H2` i?i i?2
bT22/ Q7 +QMp2`;2M+2 Bb ?B;?Hv b2MbBiBp2 iQ i?2 T2MHiv pHm2X  iQQ HQr pHm2 rBHH
M2p2` #2+QK2 72bB#H2- r?BH2  iQQ ?B;? pHm2 iF2b  p2`v HQM; iBK2 iQ +QMp2`;2X
Ai Bb [mBi2 +H2` i?i i?2 #2bi }t2/ T2MHiv Bb R BM i?Bb 2tKTH2X
lMiBH MQr r2 ?p2 bbmK2/ i?i i?2 T2MHiv pHm2 Kmbi #2 }t2/X h?Bb Kmbi
MQi M2+2bb`BHv #2 i?2 +b2X h?2 T2MHiv pHm2b +M #2 /Dmbi2/ rBi? i?2 Bi2`iBQMb
M/ #2 /Bz2`2Mi 7Q` 2+? p`B#H2X  `2bQM#H2 K2i?Q/ r2 T`QTQb2 Bb iQ bi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rBi?  bKHH BMBiBH pHm2 QM HH T2MHiB2b- M/ BM+`2b2 i?2 T2MHiv pHm2 BM 2+?
Bi2`iBQM mMiBH i?2 +Q``2bTQM/BM; `iB}+BH p`B#H2 Bb x2`QX A7 i?2 +Q``2bTQM/BM;
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H p`B#H2b Bb x2`Q- i?2 T2MHiv p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b2b B7
i?2 `iB}+BH p`B#H2 Bb BMi`Q/m+2/ ;BMX  `mM rBi?  bi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Q7 ky W 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iBQMb Bb
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6B;m`2 3Xj, amK Q7 `iB}+BH p`B#H2b BM 2+? Bi2`iBQM 7Q` /Bz2`2Mi T2MHiv pHm2b
BM i?Bb +b2 /`biB+HHv `2/m+2/ iQ RdX
Ai Bb HbQ TQbbB#H2 iQ `mM i?2 KQ/2H p2`bBQM rBi?Qmi i?2 `iB}+BH p`B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72bB#H2 bi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i?Bb p2`bBQM- 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3Xj aQHmiBQM hBK2 AKT`Qp2K2Mi
b r2 QmiHBM2/ BM a2+iBQM 9Xe i?2`2 `2 HbQ Qi?2` K2i?Q/b iQ BKT`Qp2 i?2 T2`7Q`@
KM+2X h?2 KQbi BKTQ`iMi BKT`Qp2K2Mib `2 i?2 `2KQpH Q7 mMmb2/ T`QTQbHb
BM i?2 Kbi2` T`Q#H2K M/ }tBM; i2+?MQHQ;B2bX h?2 bi2T H2M;i? `2/m+iBQM BM 2+?
Bi2`iBQM HbQ b?Qr2/ BKT`Qp2/ `2bmHibX
h#H2 3Xk b?Qrb i?2 `2bmHib Q7 T`QTQbH `2KQpH M/ }tBM; i2+?MQHQ;B2b QM i?2
KQ/2H rBi? `iB}+BH p`B#H2bX  }t2/ T2MHiv Q7 R Bb +QMbB/2`2/ i?2 #2M+?K`FX
6BtBM; p`B#H2b 7Q` i2+?MQHQ;B2b- i?i +M `2bQM#Hv #2 bbmK2/ iQ #2 x2`Q Q`
i 7mHH +T+Biv- `2/m+2b i?2 MmK#2` Q7 Bi2`iBQMb bHB;?iHv r?BH2 i?2 bQHmiBQM iBK2
`2/m+iBQM Bb KQ`2 bB;MB}+MiX
h?2 `2KQpH Q7 mMmb2/ T`QTQbHb i?i ?p2MǶi #22M mb2/ BM i?2 Hbi Ry Bi2`iBQMb
bB;MB}+MiHv bT22/b mT i?2 T`Q+2bbX h?2 iQiH Bi2`iBQM MmK#2` mMiBH +QMp2`;2M+2
Bb M2`Hv i?2 b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UBi2`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H Q7 mMmb2/ T`QTQb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6Bt2/ p`B#H2b M/ `2KQpH Q7 mMmb2/ T`QTQbHb 9y R,yj
h#H2 3Xk, 1z2+i Q7 p`BQmb i2+?MB[m2b QM i?2 bQHmiBQM iBK2
i?2 7+i i?i i?2 bBx2 Q7 i?2 Kbi2` T`Q#H2K Bb `2/m+2/ M/ Bb 2bB2` iQ bQHp2X h?2
MmK#2` Q7 Bi2`iBQMb Bb MQi z2+i2/ BM i?Bb +b2- #mi +M BM+`2b2 B7 i?2 H;Q`Bi?K
?b iQ `2;2M2`i2 `2KQp2/ T`QTQbHbX h?2 2z2+ib b22M BM i?Bb bKHH +b2 Kv #2
;`2i2` BM  #B;;2` T`Q#H2KX
h?2 bi2T H2M;i? `2/m+iBQM rb TTHB2/ QM i?2 KQ/2H p2`bBQM rBi?Qmi `iB}+BH
p`B#H2bX h?Bb K2i?Q/ `2/m+2b i?2 /mH p`B#H2b Q7 i?2 L@+QMbi`BMib- ∆- b2Mi
7`QK i?2 Kbi2` T`Q#H2K iQ i?2 bm#T`Q#H2KbX b  `2bmHi- i?2`2 `2 H2bb ~m+imiBQMb
r?B+? `2/m+2b i?2 MmK#2` Q7 Bi2`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6B;m`2 3X8 b?Qrb i?2 MmK#2` Q7 p`B#H2b BM i?2 Kbi2` T`Q#H2K 7Q` i?2 }`bi ?mM/`2/
Bi2`iBQMb Q7  T`Q#H2K r?B+? bQHp2b 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TT`QtBKi2Hv Ryy Bi2`iBQMbX h?2 ;`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b?Qrb irQ +b2b- rBi? M/ rBi?Qmi `2KQpH Q7 mMmb2/ T`QTQbHb 7i2` i2M Bi2`iBQMbX
AM i?2 }`bi +b2- i?2 T`Q#H2K bBx2 Bb +QMiBMQmbHv BM+`2bBM; b 7Qm` biiBQM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+QMbi`BMib 7Q` λk,s `2 //2/ 7Q` 2+? Bi2`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bi2`
T`Q#H2K b22Kb iQ +QMp2`;2 iQ 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b T`2pBQmb T`QTQb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i i?2 b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`2 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BM 6B;m`2 3Xe M/ i?2 T`Q#H2K rBi? T`QTQbH `2KQp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BM/B+i2 i?i i?2 T`Q#H2K Bb H2bb +QKTH2t 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6B;m`2 3X8, o`B#H2b BM i?2 K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h?Bb Bb BKTQ`iMi 7Q` irQ `2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HH- i?2 bQHp2` Sh> Bb mM#H2 iQ
bQHp2 iQQ H`;2 K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Hb i?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TQbbB#H2 iQ `mM i?2 H;Q`Bi?K QM #B;;2` T`Q#H2KbX
a2+QM/Hv- :Ja Kmbi ;2M2`i2 2+? Bi2`iBQMǶb Kbi2` T`Q#H2KX h?Bb +M iF2
 bB;MB}+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 H`;2 T`Q#H2KX h?mb i?2 2z2+i Q7 i?2 T`QTQbH
`2KQpH Bb ;`2i2` i?M Bi rQmH/ #2 B7 MQi?2` T`Q;`K rb mb2/X :Ja Bb MQi
QTiBKBx2/ 7Q` /i T`Q+2bbBM; Q` KQ/2H ;2M2`iBQM 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HBM2 M/ 2t2+mi2b i?2 BMbi`m+iBQMbX aBM+2 i?2b2 Qp2`?2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`ib `2 `2T2i2/ Bi Bb
BKTQ`i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i Bi Bb 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`iBM; TQBMi 7Q`
i?2 MQM@/2+QKTQb2/ KQ/2H iQ `2/m+2 i?2 Qp2`HH bQHmiBQM iBK2X q2 +QMbi`m+i2/ 
i2bi /i b2i rBi? 3e-NN8 p`B#H2b BM i?2 MQM@/2+QKTQb2/ KQ/2H- +QMbBbiBM; Q7 i?2
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i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 b+2M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M/ i?2 /2+QKTQbBiBQM b+?2K2X
NXR *QKT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iBpBiv 7Q`KmHiBQMX h?2 MQM@
MiB+BTiBpBiv 7Q`KmH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iBQM BM+Hm/2/ BM TT2M/Bt * Bb
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H p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`Biv +QMbi`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`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+iQ`b- 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i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b 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i b2i 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i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i- #b2/ QM ?BbiQ`B+ /i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i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i 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 +Hmbi2` 2MpB`QMK2MiX "mi- i?2`2 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`i Q7 i?2 Kbi2`
T`Q#H2K- Q` Bi +M #2 bTHBi #v +QmMi`vX h?2 HBM2bǶ i`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Hm2 2tBbib- MQM2 rBi?BM 2[mBHB#`BmK T`Q#H2KbX qi@
bQM 2i HX Ukyy3V +HBKb iQ #2 i?2 }`bi iQ /Bb+mbb T2M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`iB+H2fkyRkfy8fkef
mb@+HBKi2@;2`KMv@bQH`@B/lE"_139Sy6AkyRky8keX
.MB2H aX EB`b+?2M M/ :Q`M ai`#+X 6mM/K2MiHb Q7 SQr2` avbi2K 1+QMQKB+bX
qBH2v- q2bi ambb2t- kyy9X
SmH .X EH2KT2`2` M/ J`;`2i X J2v2`X amTTHv 7mM+iBQM 2[mBHB#`B BM QHB;QTQHv
mM/2` mM+2`iBMivX 1+QMQK2i`B+- 8dUeV,TTX Rk9jĜRkdd- LQp2K#2` RN3NX AaaL
yyRkNe3kX l_G ?iiT,ffrrrXDbiQ`XQ`;fbi#H2fRNRjdydX
Jii?Bb GM;2 M/ lH`B+? 6Q+F2MX S?vbB+H TT`Q+? iQ a?Q`i@h2`K qBM/ SQr2`
S`2/B+iBQMX aT`BM;2` "2`HBM >2B/2H#2`;- "2`HBM- kyyeX
X SX G2`M2`X h?2 +QM+2Ti Q7 KQMQTQHv M/ i?2 K2bm`2K2Mi Q7 KQMQTQHv TQr2`X
h?2 _2pB2r Q7 1+QMQKB+ aim/B2b- RUjV,TTX R8dĜRd8- RNj9X AaaL yyj9e8kdX l_G
?iiT,ffrrrXDbiQ`XQ`;fbi#H2fkNed93yX
6HQ`BM G2mi?QH/- >MM2b q2B;i- M/ *?`BbiBM pQM >B`b+??mb2MX  H`;2@b+H2
bTiBH QTiBKBxiBQM KQ/2H Q7 i?2 2m`QT2M 2H2+i`B+Biv K`F2iX L2irQ`Fb M/
aTiBH 1+QMQKB+b- T;2b RĜjj- Ry kyRyX /QB, RyXRyydfbRRyed@yRy@NR93@RX l_G
?iiT,ff/tX/QBXQ`;fRyXRyydfbRRyed@yRy@NR93@RX
J`F :X GBD2b2MX h?2 `2H@iBK2 T`B+2 2HbiB+Biv Q7 2H2+i`B+BivX 1M2`;v 1+QMQKB+b- kN
UkV,k9NĜk83- j kyydX l_G ?iiT,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f`iB+H2f
TBBfayR9yN33jyeyyRyRyX
*X GBKX _2HiBQMb?BT KQM; #2M/2`b- /MixB;ĜrQH72- M/ H;`M;BM QTiBKBxiBQMX
qBH2v 1M+v+HQT2/B Q7 PT2`iBQMb _2b2`+? M/ JM;2K2Mi a+B2M+2- kyRyX
h?QKb GBM/?X h?2 BM+QMbBbi2M+v Q7 +QMbBbi2Mi +QMD2+im`2b, *QKBM; #+F iQ
+Qm`MQiX CQm`MH Q7 1+QMQKB+ "2?pBQ` M/ P`;MBxiBQM- R3URV,eN Ĝ Ny-
RNNkX AaaL yRed@ke3RX /QB, RyXRyRefyRed@ke3RUNkVNyy8j@1X l_G ?iiT,
ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f`iB+H2fTBBfyRedke3RNkNyy8j1X
RRk
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CM GmM/;`2M- JBF2H _ƺMM[pBbi- M/ S2i2` o `#`M/X PTiBKBxiBQMX aim/2MiHBi@
i2`im`- GmM/- kyRyX
w?B@ZmM GmQ- CQM;@a?B SM;- .MB2H _HT?- M/ a?B@ZmM qmX 1t+i T2MH@
BxiBQM M/ biiBQM`Biv +QM/BiBQMb Q7 Ki?2KiB+H T`Q;`Kb rBi? 2[mBHB#`BmK
+QMbi`BMibX Ji?2KiB+H S`Q;`KKBM;- d8,RNĜde- RNNeX AaaL yyk8@8eRyX l_G
?iiT,ff/tX/QBXQ`;fRyXRyydf"6yk8Nkky8X RyXRyydf"6yk8Nkky8X
C2bb2 .X J//HQMB- M/`2r JX _Qr2- M/ :X *Q`M2HBb pM EQQi2MX qBM/
BMi2;`iBQM BMiQ p`BQmb ;2M2`iBQM KBtim`2bX _2M2r#H2 1M2`;v- j9UjV,
3ydĜ3R9- j kyyNX l_G ?iiT,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f`iB+H2f
TBBfayNeyR93Ry3yyR8j8X
"`m+2 X J+*`HX J+*`H 1tTM/2/ :Ja lb2` :mB/2- kyRRX l_G ?iiT,ff
;KbX+QKfK++`HfK++`H?iKHfBM/2tX?iKHX
ED2HH h`QpBF JB/i?mMX PTiBKBxiBQM KQ/2Hb 7Q` HB#2`HBx2/ Mim`H ;b K`F2ibX
S?. i?2bBb- LQ`r2;BM lMBp2`bBiv Q7 a+B2M+2 M/ h2+?MQHQ;v- h`QM/?2BK- P+iQ@
#2` kyydX
*X JQMi2B`Q- _X "2bb- oX JB`M/- X "Qii2`m/- CX qM;- M/ :X *QMx2HKMMX
qBM/ SQr2` 6Q`2+biBM;, aii2@Q7@i?2@`iX `;QMM2 LiBQMH G#Q`iQ`v- kyyNX
hQ`#2M aFQp LB2Hb2M- H7`2/ CQ2Mb2M- >2M`BF J/b2M- G`b GM/#2`;- M/ :`2@
;Q` :B2#2HX  M2r `272`2M+2 7Q` rBM/ TQr2` 7Q`2+biBM;X qBM/ 1M2`;v-
RURV,kNĜj9- RNN3X AaaL RyNN@R3k9X /QB, RyXRyykfUaA*AVRyNN@R3k9URNN3yNV
R,RIkN,,A.@q1Ry=jXyX*Pck@"X l_G ?iiT,ff/tX/QBXQ`;fRyXRyykfUaA*AV
RyNN@R3k9URNN3yNVR,RIkN,,A.@q1Ry=jXyX*Pck@"X
AX Pi2`Q@LQpb- *X J2b2;m2`- *X "iHH2- M/ CXCX H#X  bBKmHiBQM KQ/2H 7Q` 
+QKT2iBiBp2 ;2M2`iBQM K`F2iX SQr2` avbi2Kb- A111 h`Mb+iBQMb QM- R8URV,
k8y Ĝk8e- 62#`m`v kyyyX AaaL y338@3N8yX /QB, RyXRRyNf8NX38kRkNX
_Q#2`i aX SBM/v+F M/ .MB2H GX _m#BM72H/X JB+`Q2+QMQKB+bX S2`bQM 1/m+iBQM-
lTT2` a//H2 _Bp2`- d 2/BiBQM- kyyNX
SB2``2 SBMbQM- >2M`BF J/b2M- >2M`BF X LB2Hb2M- :2Q`;2 ST27i?vKBQm- M/
"2`M/ EHƺ+FHX 6`QK T`Q##BHBbiB+ 7Q`2+bib iQ biiBbiB+H b+2M`BQb Q7 b?Q`i@i2`K
rBM/ TQr2` T`Q/m+iBQMX qBM/ 1M2`;v- RkURV,8RĜek- kyyNX AaaL RyNN@R3k9X /QB,
RyXRyykfr2Xk39X l_G ?iiT,ff/tX/QBXQ`;fRyXRyykfr2Xk39X
EX SQ`i2` M/ CX _Q;2`bX aiimb Q7 +2Mi`HBx2/ rBM/ TQr2` 7Q`2+biBM; BM MQ`i?
K2`B+X h2+?MB+H `2TQ`i- LiBQMH _2M2r#H2 1M2`;v G#Q`iQ`v- kyRyX
EQ2M _/2K2F2`b- HHBbi2` aHBM;2M#2`;- M/ aHBK JQ`bvX _2pB2r M/ MHv@
bBb Q7 2m r?QH2bH2 2M2`;v K`F2ibX h2+?MB+H `2TQ`i- 1*P_aua L2/2`HM/-
kyy3X l_G ?iiT,ff2+X2m`QTX2mf2M2`;vf;bn2H2+i`B+Bivfbim/B2bf/Q+f
kyy3n2mnr?QH2bH2n2M2`;vnK`F2in?BbiQ`B+HXT/7X
RRj
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_X _D`KM- GX EB`b+?- 6X Hp`/Q- M/ *X *H`FX PTiBKH b2H7@+QKKBiK2Mi
mM/2` mM+2`iBM 2M2`;v M/ `2b2`p2 T`B+2bX AM "2MDKBM 6X >Q##b- JB+?2H >X
_Qi?FQT7- _B+?`/ SX PǶL2BHH- M/ >mM;@TQ *?Q- 2/BiQ`b- h?2 L2ti :2M2`iBQM
Q7 1H2+i`B+ SQr2` lMBi *QKKBiK2Mi JQ/2Hb- pQHmK2 je Q7 AMi2`MiBQMH a2`B2b BM
PT2`iBQMb _2b2`+?  JM;2K2Mi a+B2M+2- T;2b NjĜRReX aT`BM;2` la- kyykX
Aa"L Nd3@y@jye@9deej@RX l_G ?iiT,ff/tX/QBXQ`;fRyXRyydfy@jye@9deej@yn
eX RyXRyydfy@jye@9deej@yneX
M/`x2D _mbx+xvƖbFB M/ H2tM/2` a?TB`QX aiQ+?biB+ T`Q;`KKBM; KQ/2HbX AM
X _mbx+xvMbFB M/ X a?TB`Q- 2/BiQ`b- aiQ+?biB+ S`Q;`KKBM;- pQHmK2 Ry
Q7 >M/#QQFb BM PT2`iBQMb _2b2`+? M/ JM;2K2Mi a+B2M+2- T;2b R Ĝ
e9X 1Hb2pB2`- kyyjX /QB, RyXRyRefayNkd@y8ydUyjVRyyyR@RX l_G ?iiT,ffrrrX
b+B2M+2/B`2+iX+QKfb+B2M+2f`iB+H2fTBBfayNkdy8ydyjRyyyRRX
qQH7@S2i2` a+?BHH M/ *Hm/B E2K72`iX h?2 2z2+i Q7 K`F2i TQr2` QM 2H2+i`B+@
Biv biQ`;2 miBHBxiBQM, h?2 +b2 Q7 TmKT2/ ?v/`Q biQ`;2 BM ;2`KMvX aa_L
2GB#``v- kyyNX l_G ?iiT,ffbb`MX+QKfTT2`4R8ydyN9X
up2b aK22`bX :b KQ/2Hb M/ i?`22 /B{+mHi Q#D2+iBp2bX h2+?MB+H `2TQ`i- *P_1-
kyy3X
6`Q/2 ai22M M/ ED2HH :X aHpM2bX h2biBM; 7Q` K`F2i TQr2` mbBM;  /vMKB+
QHB;QTQHv KQ/2HX AMi2`MiBQMH CQm`MH Q7 AM/mbi`BH P`;MBxiBQM- RdUkV,R9d Ĝ
Rdd- RNNNX AaaL yRed@dR3dX /QB, RyXRyRefayRed@dR3dUNdVyyyk8@3X l_G ?iiT,
ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f`iB+H2fTBBfayReddR3dNdyyyk83X
6X axB/`QpbxFv M/ aX uFQrBixX  M2r T`QQ7 Q7 i?2 2tBbi2M+2 M/ mMB[m2M2bb
Q7 i?2 +Qm`MQi 2[mBHB#`BmKX AMi2`MiBQMH 1+QMQKB+ _2pB2r- R3UjV,d3dĜd3N- Ry
RNddX l_G ?iiT,ffrrrXDbiQ`XQ`;fbi#H2fk8k8NejX
CX_X h2##Qi?X  +QKTmiiBQMH bim/v Q7 /MixB;@rQH72 /2+QKTQbBiBQMX lMBp2`bBiv
Q7 "m+FBM;?K- kyyRX
h?m`2 h`#2` M/ *Hm/B E2K72`iX :QM2 rBi? i?2 rBM/\ 2H2+i`B+Biv K`F2i T`B+2b
M/ BM+2MiBp2b iQ BMp2bi BM i?2`KH TQr2` THMib mM/2` BM+`2bBM; rBM/ 2M2`;v
bmTTHvX aa_L 2GB#``v- kyyNX l_G ?iiT,ffbb`MX+QKfTT2`4R9jyNy8X
hX h`ƺib+?2` M/ JX EQ`T´bX  TQr2` K`F2i KQ/2H 7Q` bim/vBM; i?2 BKT+i Q7 rBM/
TQr2` QM bTQi T`B+2bX AM S`Q+22/BM;b Q7 i?2 Rei? SQr2` avbi2Kb *QKTmiiBQM
*QM72`2M+2 Sa**- kyy3X
X JX lHT? M/ :X JX 6QHB2X 1+QMQKB+ BKTHB+iBQMb Q7 bi+F2H#2`; M/ Mb?@
+Qm`MQi 2[mBHB#`BX CQm`MH Q7 1+QMQKB+b- 9y,j9jĜj89- RN3yX AaaL yNjR@3e83X
l_G ?iiT,ff/tX/QBXQ`;fRyXRyydf"6yRk3jkyNX RyXRyydf"6yRk3jkyNX
>X_X o`BMX JB+`Q2+QMQKB+ MHvbBb- pQHmK2 kX qXqX LQ`iQM M/ *QKTMv- L2r
uQ`F- RNNkX
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J`BMQ o2MiQb- Hp`Q "øHHQ- M/`ûb _KQb- M/ JB+?2H _BpB2`X 1H2+i`B+Biv
K`F2i KQ/2HBM; i`2M/bX 1M2`;v SQHB+v- jjUdV,3NdĜNRj- 8 kyy8X l_G ?iiT,
ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f`iB+H2fTBBfayjyR9kR8yjyyjReRX
JXhX o2bTm++B- JX "2`iQ++?B- X hQKb;`/- M/ JX AMMQ`iX AMi2;`iBQM Q7 rBM/
TQr2` T`Q/m+iBQM BM  +QMp2MiBQMH TQr2` T`Q/m+iBQM bvbi2K, biQ+?biB+ KQ/2Hb
M/ T2`7Q`KM+2 K2bm`2bX 6Q`i?+QKBM;- kyRkX
CQ?M pQM L2mKMM M/ PbF` JQ`;2Mbi2`MX h?2Q`v Q7 ;K2b M/ 2+QMQKB+
#2?pBQ`X S`BM+2iQM lMBp2`bBiv S`2bb- S`BM+2iQM- RN99X
ai2BM qX qHH+2X .2+BbBQM KFBM; mM/2` mM+2`iBMiv, h?2 `i Q7 KQ/2HBM;X JQH/2
lMBp2`bBiv *QHH2;2- JQH/2- kyykX
S2M; qM;- um sBQ- M/ uB .BM;X LQ/H K`F2i TQr2` bb2bbK2Mi BM 2H2+i`B+Biv
K`F2ibX SQr2` avbi2Kb- A111 h`Mb+iBQMb QM- RNUjV,Rjdj Ĝ RjdN- m;X kyy9X
AaaL y338@3N8yX /QB, RyXRRyNfhSq_aXkyy9X3jReN8X
Ap` qM;2Mbi22MX SQr2` avbi2K 1+QMQKB+b @ h?2 LQ`/B+ 1H2+i`B+Biv J`F2iX hTB`
+/2KB+ S`2bb- h`QM/?2BK- kyydX
C2M@SmH qibQM- .pB/ GX qQQ/`mz- M/ .pB/ _X ai`BTX S`Q;`2bbBp2 >2/;@
BM; AMMQpiBQMb 7Q`  *Hbb Q7 aiQ+?biB+ _2bQm`+2 HHQ+iBQM S`Q#H2KbX aa_L
2GB#``v- kyy3X /QB, RyXkRjNfbb`MXRke3j38X
>MM2b q2B;i- hBHH C2bF2- 6HQ`BM G2mi?QH/- M/ *?`BbiBM pQM >B`b+??mb2MX
ǴiF2 i?2 HQM; rv /QrMǴ, AMi2;`iBQM Q7 H`;2@b+H2 MQ`i? b2 rBM/ mbBM;
?p/+ i`MbKBbbBQMX 1M2`;v SQHB+v- j3UdV,jRe9ĜjRdj- d kyRyX l_G ?iiT,
ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f`iB+H2fTBBfayjyR9kR8yNyy88yjX
"2`i qBHH2Kb- AM _mKBMib2p- M/ >MM2b q2B;iX *Qm`MQi p2`bmb bmTTHv
7mM+iBQMb, q?i /Q2b i?2 /i i2HH mb\ 1M2`;v 1+QMQKB+b- jRURV,j3 Ĝ 9d-
kyyNX AaaL yR9y@N33jX /QB, RyXRyRefDX2M2+QXkyy3Xy3Xyy9X l_G ?iiT,ffrrrX
b+B2M+2/B`2+iX+QKfb+B2M+2f`iB+H2fTBBfayR9yN33jy3yyRR8RX
6`MF X qQHFX J2bm`BM; mMBHi2`H K`F2i TQr2` BM r?QH2bH2 2H2+i`B+Biv K`@
F2ib, h?2 +HB7Q`MB K`F2i- RNN3@kyyyX h?2 K2`B+M 1+QMQKB+ _2pB2r- Nj
UkV,TTX 9k8Ĝ9jy- kyyjX AaaL yyyk3k3kX l_G ?iiT,ffrrrXDbiQ`XQ`;fbi#H2f
jRjkkeeX
RR8
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RRe
TT2M/Bt 
*QKTH2i2 6Q`KmHiBQM
a2ib- AM/B+2b- S`K2i2`b M/ o`B#H2b `2 7QmM/ BM a2+iBQM jXRXk
XR S`Q/m+2`b
S`Q/m+2` pǶb T`Q}i
JBM PROBs × [
−
∑
n,i,s
(INTn,i,s − SLPn,i,s ×
∑
p
(salesn,p,i,s − qpn,p,i,s))× salesn,p,i,s
+
∑
n,t,i,s
(MCt +AMCn,p,t × qn,p,t,i,s)× qn,p,t,i,s
+
∑
l,i,s
(τl,i,s + FCl +AFCl × f+l,p,i,s)× f+l,p,i,s
+
∑
l,i,s
(−τl,i,s + FCl +AFCl × f−l,p,i,s)× f−l,p,i,s
+
∑
n,i,s
((−MChydro × EF )× qpn,p,i,s)
+
∑
n,i,s
(INTn,i,s − SLPn,i,s ×
∑
p
(salesn,p,i,s − qpn,p,i,s))× qpn,p,i,s
+
∑
n,t,i,s
RCt × qin,p,t,i,s]
UXRV
RRd
TT2M/Bt X *QKTH2i2 6Q`KmHiBQM
Jbb #HM+2 Uγn,p,i,s − 7`22V
−
∑
t
qn,p,t,i,s −
∑
l∈L+n
(f+l,p,i,s − f−l,p,i,s)
+ salesn,p,i,s +
∑
l∈L−n
(f+l,p,i,s − f−l,p,i,s) = 0 ∀ n, p, i, s
UXkV
S`Q/m+iBQM +T+Biv Uαn,p,t,i,s ≥ 0V
qn,p,t,i,s −AVt,i,s ×GCAPn,p,t ≤ 0 ∀ n, p, t, i, s UXjV
_KTBM; Uβn,p,t,i,s ≥ 0V
qn,p,t,i,s − qn,p,t,i−1,s − qin,p,t,i,s ≤ 0 ∀ n, p, t, i ,= 1, s UX9V
_KTBM; HBKBi Uφn,p,t,i,s ≥ 0V
qin,p,t,i,s −RUt ×GCAPn,p,t ≤ 0 ∀ n, p, t, i, s UX8V
AMbiHH2/ TmKT biQ`;2 +T+Biv Uψn,p,i,s ≥ 0V
qpn,p,i,s − INn,p ×GCAPn,p,hydro ≤ 0 ∀ n, p, i, s UXeV
LQM@MiB+BTiBpBiv Uδn,p,t,i,s − 7`22V
qn,p,t,i,s − qn,p,t,i,FIRST (s,i) = 0 ∀ n, p, t, i, s ,= FIRSTs,i UXdV
Xk h`MbKBbbBQM avbi2K PT2`iQ`
avbi2K QT2`iQ`Ƕb T`Q}i
JBM−ΠTSO = −
∑
l,i,s
(PROBs × τl,i,s × flowl,i,s) UX3V
SQbBiBp2 i`MbKBbbBQM +T+Biv U$+l,i,s ≥ 0V
flowl,i,s − TCAPl ≤ 0 ∀ l, i, s UXNV
L2;iBp2 i`MbKBbbBQM +T+Biv U$−l,i,s ≥ 0V
−flowl,i,s − TCAPl ≤ 0 ∀ l, i, s UXRyV
Xj J`F2i@*H2`BM; *QM/BiBQMb
J`F2i@+H2`BM; +QM/BiBQM Uτl,i,s − 7`22V∑
p
(f+l,p,i,s − f−l,p,i,s)− flowl,i,s ≤ 0 ∀ l, i, s UXRRV
RR3
TT2M/Bt "
SQr2` J`F2i JQ/2H rBi?
a+2M`BQ h`22 6Q`KmHiBQM
h?Bb TT2M/Bt BM+Hm/2b i?2 7mHH Ki?2KiB+H 7Q`KmHiBQM M/ i?2 EEh +QM/B@
iBQMb 7Q` i?2 TQr2` K`F2i KQ/2H rBi? b+2M`BQ i`22 7Q`KmHiBQMX h?2 T`2Mi@+?BH/
+QMM2+iBQMb #2ir22M i?2 2p2Mi MQ/2b +M #2 /2}M2/ #v  b2i ANe- r?B+? Bb i?2
M+2biQ` MQ/2 Q7 b+2M`BQ i`22 MQ/2 eX 1+? T`2Mi MQ/2 +M ?p2 QM2 Q` KMv
+?BH/ MQ/2bX h?Bb +M #2 2tTHQBi2/ iQ KF2 Mv b+2M`BQ i`22 bi`m+im`2X HH b+2M`BQ
i`22 MQ/2b `2 HBMF2/ iQ 2t+iHv QM2 iBK2 T2`BQ/ #v i?2 b2i TPeX h?2 b2i /2}M2b
i?2 iBK2 T2`BQ/ i Q7 2p2Mi MQ/2 eX h?2`2 Bb  T`Q##BHBiv 7Q` 2+? b+2M`BQ MQ/2
iQ Q++m`X h?2 T`Q##BHBiv 7Q` MQ/2 e- PROBe- +M #2 +?M;2/ ++Q`/BM; iQ i?2
b+2M`BQ bi`m+im`2X
"XR .2}MBiBQMb
"XRXR a2ib M/ AM/B+2b
a2ib M/ AM/B+2b
E a2i Q7 2p2Mi MQ/2b e
ANe M+2biQ` MQ/2 Q7 2p2Mi MQ/2 e
TPe hBK2 T2`BQ/ B Q7 2p2Mi MQ/2 e
RRN
TT2M/Bt "X SQr2` J`F2i JQ/2H rBi? a+2M`BQ h`22 6Q`KmHiBQM
"Xk aiQ+?biB+ 6Q`KmHiBQM
"XkXR S`Q/m+2`b
1tT2+i2/ T`Q}i
JBM−Πp =
∑
e
PROBe ×
[
−
∑
n
(INTn,TPe − SLPn,TPe × (
∑
p
salesn,p,e − qpn,p,e))× salesn,p,e
+
∑
n
(INTn,TPe − SLPn,TPe × (
∑
p
salesn,p,e − qpn,p,e))× qpn,p,e
−
∑
n
(MChydro × EF × qpn,p,e)
+
∑
n,t
(MCt +AMCn,p,t × qn,p,t,e)× qn,p,t,e
+
∑
l
(τl,s × (f+l,p,e − f−l,p,e))
+
∑
n,t
(RCt × qin,p,t,e)
]
∀ p
U"XRV
LQ/2 #HM+2 7Q` 2+? THv2` Uγn,p,e − 7`22V∑
t
qn,p,t,e +
∑
l∈L+n
(f+l,p,e − f−l,p,e)
−salesn,p,e −
∑
l∈L+n
(f+l,p,e − f−l,p,e) = 0 ∀ n, p, e
U"XkV
S`Q/m+iBQM HBKBiiBQM Uαn,p,t,e ≥ 0V
qn,p,t,e −AVt,e ×GCAPn,p,t ≤ 0 ∀ n, p, t, e U"XjV
_KTBM; Uβn,p,t,e ≥ 0V
qn,p,t,e − qn,p,t,ANe − qin,p,t,e ≤ 0 ∀ n, p, t, e U"X9V
_KTBM; HBKBi Uφn,p,t,e ≥ 0V
qin,p,t,e −RUt ×GCAPn,p,t ≤ 0 ∀ n, p, t, e U"X8V
AMbiHH2/ TmKT TQr2` Uψn,p,e ≥ 0V
qpn,p,e − INn,p ×GCAPn,p,hydro ≤ 0 ∀ n, p, e U"XeV
Rky
TT2M/Bt "X SQr2` J`F2i JQ/2H rBi? a+2M`BQ h`22 6Q`KmHiBQM
"XkXk h`MbKBbbBQM avbi2K PT2`iQ`
1tT2+i2/ T`Q}i
JBM−ΠTSO = −
∑
l,e
PROBe × τl,e × flowl,e U"XdV
h`MbKBbbBQM HBKBiiBQM TQbBiBp2 U$+l,e ≥ 0V
flowl,e − TCAPl ≤ 0 ∀ l, e U"X3V
h`MbKBbbBQM HBKBiiBQM M2;iBp2U$−l,e ≥ 0V
−TCAPl − flowl,e ≤ 0 ∀ l, e U"XNV
"XkXj J`F2i@*H2`BM; *QM/BiBQM
Uτl,s − 7`22V ∑
p
(f+l,p,e − f−l,p,e)− flowl,e = 0 ∀ l, e U"XRyV
"Xj EEh +QM/BiBQMb
h?2 EEh +QM/BiBQMb `2 /2`Bp2/ 7`QK i?2 biQ+?biB+ T`Q#H2K 7Q`KmHiBQMX
"XjXR S`Q/m+2`b
0 ≤ qn,p,t,e ⊥ PROBe ×MCt + γn,p,e + αn,p,t,e + βn,p,t,e − βn,p,t,ANe ≥ 0 U"XRRV
0 ≤ salesn,p,e ⊥PROBe ×
− ∑
i∈Pi,e
INTn,i +
∑
i∈Pi,e
SLPn,i ×
∑
p
(salesn,p,e − qpn,p,e)

+PROBe ×
MPp,n × ∑
i∈Pi,e
SLPn,i × salesn,p,e
− γn,p,e = 0
U"XRkV
0 ≤ f+l,p,e ⊥ PROBe × τl,s + γn+,p,s − γn−,p,e ≥ 0 U"XRjV
0 ≤ f−l,p,e ⊥ −PROBe × τl,e − γn+,p,e + γn−,p,e ≥ 0 U"XR9V
0 ≤ qin,p,t,e ⊥ PROBe ×RCt − βn,p,t,e + φn,p,t,e ≥ 0 U"XR8V
0 ≤ qpn,p,e ⊥ −PROBe ×MChydro × EF + ψn,p,e ≥ 0 U"XReV
RkR
TT2M/Bt "X SQr2` J`F2i JQ/2H rBi? a+2M`BQ h`22 6Q`KmHiBQM
∑
t
qn,p,t,e +
∑
l∈L+n
(f+l,p,e − f−l,p,e)
−salesn,p,e −
∑
l∈L−n
(f+l,p,e − f−l,p,e) = 0
(γn,p,e − 7`22)
U"XRdV
0 ≤ αn,p,t,e ⊥ AV stochastict,e ×GCAPn,p,t − qn,p,t,e ≥ 0 U"XR3V
0 ≤ βn,p,t,e ⊥ qin,p,t,e − qn,p,t,e + qn,p,t,ANe ≥ 0 U"XRNV
0 ≤ φn,p,t,e ⊥ RUt ×GCAPn,p,t − qin,p,t,e ≥ 0 U"XkyV
0 ≤ ψn,p,e ⊥ INn,p ×GCAPn,p,hydro − qpn,p,e ≥ 0 U"XkRV
"XjXk h`MbKBbbBQM avbi2K PT2`iQ`
−PROBs × τl,e + $+l,e − $−l,e = 0
(flowl,e − 7`22)
U"XkkV
0 ≤ $+l,e ⊥ TCAPl − flowl,e ≥ 0 U"XkjV
0 ≤ $−l,e ⊥ TCAPl + flowl,e ≥ 0 U"Xk9V
"XjXj J`F2i@*H2`BM;
flowl,e −
∑
p
(f+l,p,e − f−l,p,e) = 0
(τl,e − 7`22)
U"Xk8V
Rkk
TT2M/Bt *
oA@7Q`KmHiBQM
h?2 oA@7Q`KmHiBQM Bb T`2b2Mi2/ #2HQrX Ai mb2b i?2 bK2 p`B#H2b M/ T`K2i2`b
b i?2 J*S@7Q`KmHiBQMX
*XR JTTBM;
h?2 KTTBM; 7Q` i?2 oA Bb ;Bp2M #v i?2 /2`BpiBp2 Q7 i?2 Q#D2+iBp2 7mM+iBQM 7Q` 2+?
/2+BbBQM p`B#H2 M/ i?2 KTTBM; #2ir22M τ M/ i?2 K`F2i +H2`BM; +QM/BiBQMX
*XRXR S`Q/m+2`
F (qn,p,t,i,s) = PROBs ×MCt + 2×AMCn,p,t × qn,p,t,i,s U*XRV
F (salesn,p,t,i,s) =PROBs × (−INTn,i + SLPn,i ×
∑
p
(salesn,p,i,s − qpn,p,i,s)
+MPp,n × SLPn,i × salesn,p,t,i,s)
U*XkV
F (qpn,p,i,s) = PROBs × (−MChydro × EF
+(INTn,i − SLPn,i ×
∑
p
(salesn,p,i,s − qpn,p,i,s))) U*XjV
F (f+l,p,i,s) = PROBs × (τl,i,s + FCl + 2×AFCl × f+l,p,i,s) U*X9V
F (f−l,p,i,s) = PROBs × (−τl,i,s + FCl + 2×AFCl × f−l,p,i,s) U*X8V
F (qin,p,t,i,s) = PROBs ×RCt U*XeV
Rkj
TT2M/Bt *X oA@7Q`KmHiBQM
*XRXk h`MbKBbbBQM avbi2K PT2`iQ`
F (flowl,i,s) = −PROBs × τl,i,s U*XdV
*XRXj J`F2i +H2`BM;
F (τl,i,s) = flowl,i,s −
∑
p
(
f+l,p,i,s − f−l,p,i,s
)
U*X3V
*Xk *QMbi`BMi a2i
h?2 +QMbi`BMi b2iK +QMbBbib Qz HH i?2 Q`B;BMH +QMbi`BMib BM i?2 J*S@7Q`KmHiBQMX
Jbb #HM+2
−
∑
t
qn,p,t,i,s −
∑
l∈L+n
(f+l,p,i,s − f−l,p,i,s)
+ salesn,p,i,s +
∑
l∈L−n
(f+l,p,i,s − f−l,p,i,s) = 0 ∀ n, p, i, s
U*XNV
S`Q/m+iBQM +T+Biv
qn,p,t,i,s −AVt,i,s ×GCAPn,p,t ≤ 0 ∀ n, p, t, i, s U*XRyV
_KTBM;
qn,p,t,i,s − qn,p,t,i−1,s − qin,p,t,i,s ≤ 0 ∀ n, p, t, i ,= 1, s U*XRRV
_KTBM; HBKBi
qin,p,t,i,s −RUt ×GCAPn,p,t ≤ 0 ∀ n, p, t, i, s U*XRkV
AMbiHH2/ TmKT biQ`;2 +T+Biv
qpn,p,i,s − INn,p ×GCAPn,p,hydro ≤ 0 ∀ n, p, i, s U*XRjV
LQM@MiB+BTiBpBiv
qn,p,t,i,s − qn,p,t,i,FIRSTs,i = 0 ∀ n, p, t, i, s U*XR9V
SQbBiBp2 i`MbKBbbBQM +T+Biv
flowl,i,s − TCAPl ≤ 0 ∀ l, i, s U*XR8V
L2;iBp2 i`MbKBbbBQM +T+Biv
−flowl,i,s − TCAPl ≤ 0 ∀ l, i, s U*XReV
Rk9
TT2M/Bt .
1ti2M/2/ Jbi2` S`Q#H2K
h2`Kb
"2+mb2 Q7 i?2 B/2MiBiv Q7 i?2 K`F2i +H2`BM; +QM/BiBQM- bQK2 Q7 i?2 i2`Kb BM
HK#/Ƕb biiBQM`Biv +QM/BiBQM +M+2H QmiX h?2b2 i2`Kb +M #2 7QmM/ BM i?2 i?Bb
TT2M/BtX
SQbBiBp2 ~Qr
+
∑
l,p,i
(PROBs ×
∑
k
(λk,s × TAUl,i,s,k
+FCl + 2×AFCl ×
∑
k
(λk,s × F+l,p,i,s,k))× F+l,p,i,s,k)
U.XRV
L2;iBp2 ~Qr
+
∑
l,p,i
(PROBs ×
∑
k
(λk,s × (−TAUl,i,s,k)
+FCl + 2×AFCl ×
∑
k
(λk,s × F−l,p,i,s,k))× F−l,p,i,s,k)
U.XkV
hQiH ~Qr
+
∑
l,i
(−PROBs ×
∑
k
(λk,s × TAUl,i,s,k)× FLOWl,i,s,k) U.XjV
Rk8
TT2M/Bt .X 1ti2M/2/ Jbi2` S`Q#H2K h2`Kb
Rke
TT2M/Bt 1
.q. am#T`Q#H2K
1XR S`Q/m+2`
0 ≤ qn,p,t,i ⊥PROBs × (MCt + 2×AMCn,p,t × qn,p,t,i)
−γn,p,i + αn,p,t,i + βn,p,t,i|i>1 − βn,p,t,i+1|i<|I| + δn,p,t,i ≥ 0
U1XRV
0 ≤ salesn,p,i ⊥PROBs × (−INTn,i + SLPn,i ×
∑
p
(salesn,p,i − qpn,p,i)
+MPp,n × SLPn,i × salesn,p,i) + γn,p,i ≥ 0
U1XkV
0 ≤ qpn,p,i ⊥PROBs × (−MChydro × EF
+(INTn,i − SLPn,i ×
∑
p
(salesn,p,i − qpn,p,i))) + ψn,p,t,i ≥ 0 U1XjV
0 ≤ f+l,p,i ⊥PROBs × (τl,i + FCl + 2×AFCl × f+l,p,i)
−γn+,p,i + γn−,p,i ≥ 0
U1X9V
0 ≤ f−l,p,i ⊥PROBs × (−τl,i + FCl + 2×AFCl × f−l,p,i)
+γn+,p,i − γn−,p,i ≥ 0
U1X8V
0 ≤ qin,p,t,i ⊥ PROBs ×RCt − βn,p,t,i + φn,p,t,i ≥ 0 U1XeV
∑
t
qn,p,t,i +
∑
l∈L+n
(f+l,p,i − f−l,p,i)
−salesn,p,i −
∑
l∈L−n
(f+l,p,i − f−l,p,i) = 0
(γn,p,i − 7`22)
U1XdV
Rkd
TT2M/Bt 1X .q. am#T`Q#H2K
0 ≤ αn,p,t,i ⊥ AVt,i ×GCAPn,p,t − qn,p,t,i ≥ 0 U1X3V
0 ≤ βn,p,t,i ⊥ qin,p,t,i − qn,p,t,i + qn,p,t,i−1 ≥ 0 U1XNV
0 ≤ φn,p,t,i ⊥ RUt ×GCAPn,p,t − qin,p,t,i ≥ 0 U1XRyV
0 ≤ ψn,p ⊥ INn,p ×GCAPn,p,hydro − qpn,p,i ≥ 0 U1XRRV
1Xk h`MbKBbbBQM avbi2K PT2`iQ`
0 ≤ flowl,i ⊥ −PROBs × τl,i + $+l,i − $−l,i ≥ 0 U1XRkV
0 ≤ $+l,i ⊥ TCAPl − flowl,i ≥ 0 U1XRjV
0 ≤ $−l,i ⊥ TCAPl + flowl,i ≥ 0 U1XR9V
1Xj J`F2i@*H2`BM;
flowl,i −
∑
p
(f+l,p,i − f−l,p,i) = 0
(τl,i − free)
U1XR8V
Rk3
TT2M/Bt 6
*QMp2`;2M+2 :T
h?2 +QMp2`;2M+2 ;T- #b2/ QM i?2 /2b+`BTiBQM BM a2+iBQM kXdXe- 7Q` i?2 +m``2Mi
Bi2`iBQM Bb,
CGk =
S`Q/m+iBQM
∑
n,p,t,i,s
(PROBs × (MCt + 2×AMCn,p,t ×
∑
k
(λk,s ×Qn,p,t,i,s,k) + δn,p,t,i,s)×
(Qn,p,t,i,s,k −
∑
k
(λk,s ×Qn,p,t,i,s,k)))
U6XRV
aH2b
+
∑
n,p,i,s
(PROBs × (−INTi,n + SLPi,n ×
∑
p,k
(λk,s × (SALESn,p,i,s,k −QPn,p,i,s,k)))
×(SALESn,p,i,s,k −
∑
k
(λk,s × SALESn,p,i,s,k)))
+
∑
n,p,i,s
(PROBs ×MPp,n × SLPi,n ×
∑
k
(λk,s × SALESn,p,i,s,k)
×(SALESn,p,i,s,k −
∑
k
(λk,s × SALESn,p,i,s,k)))
U6XkV
RkN
TT2M/Bt 6X *QMp2`;2M+2 :T
SmKT biQ`;2
+
∑
n,p,i,s
(PROBs × (−MChydro × EF
+INTi,n − SLPi,n ×
∑
p,k
(λk,s × (SALESn,p,i,s,k −QPn,p,i,s,k)))
×(QPn,p,i,s,k −
∑
k
(λk,s ×QPn,p,i,s,k)))
U6XjV
S`Q/m+iBQM BM+`2b2
+
∑
n,p,t,i,s
[
PROBs ×RCt ×
(
QIn,p,t,i,s,k −
∑
k
(λk,s ×QIn,p,t,i,s,k)
)]
U6X9V
SQbBiBp2 ~Qr
+
∑
l,p,i,s
(PROBs × (FCl + 2×AFCl ×
∑
k
(λk,s × F+l,p,i,s,k))
×(F+l,p,i,s,k −
∑
k
(λk,s × F+l,p,i,s,k)))
U6X8V
L2;iBp2 ~Qr
+
∑
l,p,i,s
(PROBs × (FCl + 2×AFCl ×
∑
k
(λk,s × F−l,p,i,s,k))
×(F−l,p,i,s,k −
∑
k
(λk,s × F−l,p,i,s,k)))
U6XeV
Rjy
TT2M/Bt :
:Ja BM S`+iB+2
h?2 7QHHQrBM; TT2M/Bt +QMiBMb 2tT2`B2M+2b 7`QK mbBM; :JaX
:XR AKTQ`i 7`QK 1t+2H
q?2M bQHpBM; H`;2 `2HBbiB+ +b2b- i?2 KQmMi Q7 /i Bb bB;MB}+Mi M/  KQ/2H
Bb Q7i2M `mM rBi? /Bz2`2Mi /i b2ib iQ +QKT`2X hQ 2tTHB+BiHv r`Bi2 i?2 /i b2ib
BMiQ :Ja Bb iBK2 +QMbmKBM; M/ MQi T`+iB+HX .i ?M/HBM; Bb Q7i2M T2`7Q`K2/
BM 1t+2H r?2M ;i?2`BM; /i M/ /B`2+i BKTQ`i 7`QK 1t+2H b?22ib rb M22/2/X
:.ss_q /2b+`B#2/ BM J+*`HR rb mb2/ iQ `2/ 2t+2H bT`2/b?22ib mbBM; :.s
U:Ja /i 2t+?M;2V }H2bX
h?Bb Bb M 2tKTH2 Q7 ?Qr INTn,i- i?2 BMi2`+2Ti Q7 i?2 BMp2`b2 /2KM/ +m`p2-
Bb BKTQ`i2/ 7`QK 1t+2HX h?2 T`K2i2` Bb /2+H`2/- M/ HQ/2/X h?2 BMi2`+2Ti Bb
BM i?2 }H2 /ib2iXtHbt BM b?22i BMi- BM `Qr M/ +QHmKM R,>jyyX
S`K2i2` ALhUB-MVc
0QM2+?Q = BKTQ`iXiti
T`4ALh `M;4BMi5R,>jyy +/BK4R `/BK4R
 JQ`2 T`K2i2`b +QmH/ #2 //2/ QM M2r HBM2b
0Qz2+?Q
0+HH :.ss_q /ib2iXtHbt !BKTQ`iXiti
0;/tBM /ib2iX;/t
0HQ/ ALh
:Xk 1tTQ`i iQ 1t+2H
Ai Bb 2bb2MiBH iQ #2 #H2 iQ 2bBHv ?M/H2 M/ +QKT`2 `2bmHibX :.ss_q +QmH/
#2 mb2/ iQ T2`7Q`K  /i /mKT- #mi r2 rMi2/ iQ ;2i HH i?2 /i /B`2+iHv BMiQ
TBpQi i#H2b BM 1t+2HX SBpQi i#H2b 2M#H2 2bv MHvbBb Q7 i?2 `2bmHib- M/ r2 +QmH/
R?iiT,ffrrrX;KbX+QKfK++`HfK++`H?iKHf
RjR
TT2M/Bt :X :Ja BM S`+iB+2
/B`2+iHv b22 i?2 `2bmHib BM p`BQmb ;`T?b 7i2` 2+? KQ/2H `mMX hQ 2M#H2 i?Bb
_mi?2`7Q`/Ƕb TBpQi /i 2tTQ`i2`k rb mb2/X
:Xj SBi7HHb
:Ja ?b bQK2 TBi7HHb- M/ iQ i?2 KQ/2H2`b 7`mbi`iBQM bQK2 Q7 i?2b2 T`Q#H2Kb
QMHv TTHv BM /B{+mHi UbBM;mH` Q` M2` bBM;mH`V +b2bX h?Bb K2Mb i?i vQm +M
/2p2HQT M/ i2bi  bKHH T`Q#H2K- M/ r?2M vQm `2 b+HBM; i?2 T`Q#H2K Q` ?p2
iB;?i2` `2bi`B+iBQMb- T`Q#H2Kb Q++m`X h?2 T`Q#H2K Bb ?Qr vQm b?QmH/ Q`/2` M
2[miBQM- bBM+2 a− b = 0 Bb MQi i?2 bK2 b b− a = 0 BM HH +b2b BM :JaX
h?2 7QHHQrBM; 2tKTH2 Bb 7`QK i?2 KMmHX
KBMx(x− 1)2,r?2`2 x ∈ [0, 2]
h?2 }`bi Q`/2` QTiBKHBiv +QM/BiBQMb `2
0 ≤ x ≤ 2 ⊥ 2(x− 1)
h?Bb 2[miBQM ?b i?2 bQHmiBQM x = 1X A7 i?Bb BM r`Bii2M 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iBQM Bb BMi2`MHHv bm#biBimi2/ BMiQ
MQi?2` 2[miBQM BM i?2 T`Q#H2KX "mi r?2M i?2 T`Q#H2K Bb KQ`2 /B{+mHi iQ bQHp2 
T2`im`#iBQM Bb TTHB2/- M/ B7 i?2 2[miBQM Bb BM i?2 r`QM; Q`/2`- i?2 T2`im`#iBQM
Bb BM i?2 r`QM; /B`2+iBQM- M/ i?2 T`Q#H2K ;2ib 2p2M ?`/2` iQ bQHp2X
AM bQK2 +b2b r2 bmbT2+i2/ i?i i?2 Sh> bQHp2` /B/MǶi }M/  bQHmiBQM B7 i?2
MQ/2 #HM+2 rb BM i?2 r`QM; Q`/2`X  i`B+F r2 mb2/ iQ ;2i Bi `B;?i rb iQ i`2i
i?2 2[mHBiv +QMbi`BMi b B7 Bi rb  H2bb i?M Q` 2[mH +QMbi`BMi r?2M /2`BpBM;
i?2 EEh +QM/BiBQMbX h?2M r2 KQ/B}2/ Bi bQ Bi #2+K2  ;`2i2` i?M Q` 2[mH
+QMbi`BMi BM i?2 EEh +QM/BiBQMb #27Q`2 brBi+?BM; #+F iQ  2[mHBiv +QMbi`BMiX
:X9 aQHmiBQM hBK2 AKT`Qp2K2Mi
PTiBQM }H2bj +M #2 mb2/ iQ /2+`2b2 i?2 bQHmiBQM iBK2X h`v iQ }M/ i?2 `B;?i QTiBQMb
rBi?  bKHH KQ/2H #27Q`2 i`vBM; iQ bQHp2 H`;2` KQ/2HbX Sv ii2MiBQM iQ i?2 bQHp2`
2+? iBK2 Bi `2bi`ibX AM 2+? `2bi`i i?2 bQHp2` i`B2b M2r QTiBQMbX "v MQiB+BM; i?2
#2bi QTiBQMb 7Q` i?2 bT2+B}+ T`Q#H2K i?2 bQHmiBQM iBK2 rBHH #2 bB;MB}+Mi bKHH2`
7Q` H`;2` T`Q#H2KbX aKHH2` biQ+?biB+ T`Q#H2Kb r2`2 bQK2iBK2b bQHp2/ irB+2 b
7bi rBi? i?2 `B;?i QTiBQM }H2X
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iX?iK
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b?nT2`im`#4y- H2KF2nbi`inivT24bH+F-
MKbnBMBiBHn`272`2M+2n7+iQ`4Ry- MKbnK2KQ`vnbBx24k- MKbnKbi2Tn7`2[m2M+v4R- T`QtB@
KHnT2`im`#iBQM4y
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